





WOOT! anc KLDOHHBIM.| TeopeT MEK YU Hay4HO - NpakTMYeCKMN KypHan 
et of mie pits PO ier : te 


ronic Journal 
ae : nd 


[Hk fa re urnal u/ 
os os Sed gl 


. = | i Lil 
‘ : so a 
* Pl : 






s * 
i i 


i me = foal a = ia bh anal rh am { rm marl AR ] i ° = 


$ A ; a ; LTX | PUAPOT STIX CHCTEN No] -2 — 
Safety of Technogenic and Natural Systems 2018 





COJEPXKAHHE 


HPOMbIDDJIEHHAA BESOMACHOCTbB 


FO. WM. Bynoizun, H. H. A3zumoea, H. C. Kynuoea Ilpo0nemsr npoexTruposanna 
IIbIICOUMCTHOTO OOOPYAOBAHHA B TPOMBIMMJICHHOCTH ...........:0ssseesesseseececececececececececeaeaaeaeeseaeseeeseseeees Z 
O. B. Nenucoe, A. E. Monomapee VUnnosauMonnbie WudpoBble pellieHua Kak (akTOp 
CHWKCHHA TIPOU3BOJICTBCHHOTO TPABMATH3MA...........csccccccceaseeececeeeeececesueeescecesueesseseeeeseaaeseeeeeeaas 13 
Bb. WG. Mecxu, HW. A. 3anuna, M. JI. Monee, M. C. Hneuxo \pumenenue “HCTpyMeHTOB 
OIeCHKH MpOdeccHOHAJIbHbIX PUCKOB Ha LIpeMIPUATHAX MAJIOFO VU CHCAHELO OW3HECA........... cece pal 
E. B. Hexuna, A. FO. Danneizun CoctosHne Tpou3BoOJCTBeHHOroO TpaBMaTH3Ma B ciepe 
OKa3aHWA KOMMYHAJIBHBIX, MCPCOHAJIBHBIX WM COMMAJIBHBIX YCJIYE HACCIICHHIO............ccceceeeeeeeceeeceees az 


MOJEJIMPOBAHHE HW MWPOTHOSHPOBAHHE TEXHOLDEHHbBIX CHCTEM 
WM TPOWECCOB B 4UPE3BbIUAHHbIX CUTYALMAX 


E. C. Andpeeea, C. C. Anodpeee Hayysno-metoguyeckve TOXObI K OIWeHKe pucKa 
3JJOPOBBIO HU IKOJIOFHYCCKOH KOMMOPTHOCTH HACeCJICHUA KPYIMHBIX TOPONOB.......cccecececeeeeeeeeeeeeneeees 45 

FO. B. Ecunoe, JLtcarocu Moxamomao, E. 2. Hoida OakTopHas UHTepBallbHad KOHIUCHIMA 
OICHKH OC3OMACHOCTH V BIOPOBBAL..........cccccecccccecesssssseecececcceceaseasecceccceeeeeaeeaeneceeceeeeeee seseaaegenees 57 


HOOKAPHAA BESONMACHOCTb 


A, A. Tlopowun, B. B. Xapun, E. B. boopunee, E. FO. Yoasuoea, A. A. Konoawoe 
V3yyeHve akTopos, BIMAIOWMxX Ha (opMupoBaHHe OOCTaHOBKH C HOKapaMu B CeJIbCKMX 
MOCeUCHUAX CYOBEKTOB POCCHHCKON Peepaluu C UCIOb30BaHHeM (AaKTOPHOLO aHaJI3a............ 69 


IKOJO‘PHYECKAA BE3ONACHOCTH H 3ALIMTA OKPY2XKAIOWLEM CPEJIbI 


H. B. Azeeea, O. B. Aeimnuxoea Odectieyenve 3koOrM4eCKOM Oe30MacHocTH KC 
«[axtTunckaa» OAO «Ll a3tIpOM TpaHCras KpaCHOap).........ccccsssssscsccceceeseseececesaeseeeeceseaaesesceeeees 86 
K. A. *Koemenxo, O. B. /Toimnuxoea, K. A. HTanoeanoe Axnanu3 3ddeKTuBHOCTH 
COOMIONCHHA IpHpOAOOXpaHHOLoO 3aKOHOAaTeJIbCTBa Ha TeppuTOpHU PocTOBCKON OOWACTH........... 95 
IT, B. Knumoe DxKosoro-rurnvennyeckad OWeHKa 3arps3HCHHA ATMOCMepHOrO BO3yxa 
ODO 108 POCTOBCK OM OO Wa Cray acvucsicercaiicersunseteceonsace ates neteusanranteecteasesacunaiseesooueterssdanosemareonine 107 
B. B. Ozepancxaa, M. A. bacunaua, P. P. Tazsypenxko, A C. Tonzoe Ouenka Bo3yencTBua 
CTPOUTeJIbCTBa He*Tera300ObIBaIOIUX CKBaxKHH Ha 2%KMBOTHbIM MUP 300JIOTHYeCKOLO 3aKa3HHKa 
C pa3paOoTKOH NpHpOOOXpaHHbIX MW KOMIMCHCAI[MOHHBIX MCPOLPHATHM............ccccccceseessseeeeeeceeees 114 


S-jyournal.ru i 


v » / 


( SF » ( y 


Safety of Technogenic and Natural Systems 





VJIK 621.928.93 
DOI 10.23947/2541-9129-2018-1-2-2-12 


HPOBJIEMBbI TTPOEKTHPOBAHHA 
HbLIEOUNCTHOLO OBOPYIOBAHHMA B 
HPOMbIMIEJIEHHOCTH 


FO. Hi. bynoizun, H. H. Asumoea, H. C. Kynuoea 


JJoHCKON rocyapcTBeHHbIN TeEXHH4eCKHM YHUBepCcHTeT, 
r. Poctos-Ha-Jlony, Poccuuckaa Deyepauna 


bulyur_rostov@mail.ru 
arkomaazimov@mail.ru 
i-kyptsova@mail.ru 

Padota TOcBAIeHa TeEXHOJIOTHMH IpOeKTHpOBaHHA 
I[CHTPOOeKHBIX 


IIbLIeyIOBUTeIen Ha 


IKCIIEPUMeHTAJIbHOU yCTaHOBKe TA 


TlapaJVICJIbBHbIX CpaBHUTCJIBHbIX MCHbITaHuu 


IMKIOHOB. B HacToallee BpeMaA HeT eMHOrO 
KpHTepHaA Jd BbIOOpa ONTHMAaJIbHOM MopMBl 
I[MKJIOHOB, OJHAKO B HawOoIee COBPeMeHHBIX 
KOHCTpyKIIMAX BCe YeTYe MpOABJIAeTCA TeHTCHIHA 
pa3sBUTHA KOHYCHOU 


yacTu. Mexyy 


reoMetTpHyeckoh dopMow HKIOHa HU ero 
39(MeKTHBHOCTHIO CYIICCTBYIOT H3BECTHBIC CBA3H, 
KOTOpBIe IIPOABJIAFOTCH 


yepes3 CJIO2KH YEO 


axpowMHaMUKy TeYeCHHH,  BO3HUKAIOIIMX B 
annlapate. B HacTOAIIeM MCCIeEOBaHHU BbIABJICHBI 
M W3y4eHbI CBA3M KOHCTPYKTUBHBIX TapaMeTPOB 
IMKJIOHHBIX allmapaTOB C HX axpoyqMHAaMMYeCKUMU 
XapakTepHcTHuKaMu u 30)PeKTHBHOCTBIO 


IIblIeyJlaBIMBaHVA. 


KuroueBble CJI0Ba: IMKIIOHHbIM altlapat, Buxpe- 
BbIe TeCYCHHA, TUApaBM4YecKoOe COIMpPOTHBIIeHHe, 
39PMeKTHBHOCTA TIbWIeCyIaBIMBaHHA, MOJIeJIMpOoOBa- 
Hue 
Bpejenne. 3azaun pa3BuTHA MpOu3BOJICTBA, 
3allMTbI OKpyKarollen cpebl WU pallMOHasIbHOro 
MCIOIb3OBaHHA IIPMPOHbIX PeCypCOB 4acTO OKa- 
3bIBAFOTCA TECHO CBA3AHHbIMU C TIpoOsIeMON pa3zyie- 
NeHHA YTa30nbuiecoyepxallux MOTOKOB. Becwe- 
CTBHe 9TOrO BO3HHKaeT HeEOOXOUMOCTh B CO3]a- 
HMM BbICOKOMPOM3BOMTeIbHBIX alllapaTOB JIA 
IIbIMeyIaBIMBaHHA. DbdeKTHBHOCTb Ta3s004HCTKU 
B COBPCMCHHbIX IMKIOHAaX, KaK NpaBHJIO, He lpe- 
BbimaeT 85—92 %, TOITOMY BECbMa aKTYAaJIbHBI UC- 


CICHOBAHHA, HallpaBJICHHbleC Ha TIOHCK MCTOJIOB HU 
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The work is devoted to design technology of 
centrifugal dust collectors using an experimental 
installation for cyclone parallel comparative 
tests. Currently, there is no single criterion for 
choosing the optimal form of cyclone, but in the 
most modern construction, the tendency of de- 
velopment of its cone part is becoming clearer. 
Between the geometric shape of the cyclones 
and their effectiveness, there are a number of 
connections, which appear through the complex 
aerodynamics of the flows in the apparatus. The 
identification and study of the relationship be- 
tween the design parameters of cyclone appa- 
ratus with their aerodynamic characteristics and 
effective dust collection is the subject of this 
study. 


Keyword: cyclone apparatus, vortex flow, hy- 
draulic resistance, efficiency, dust collection, 
modeling 


Introduction. Tasks of production develop- 
ment, environmental protection and rational use 
of natural resources are often closely related to 
the problem of separation of gas-and-dust- 
containing flows. As a result, there is a need to 
create high-performance devices for dust collec- 
tion. The efficiency of gas cleaning in modern 
cyclones, as arule, does not exceed 85-92 %, so 


very relevant are the researches aimed at finding 
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CHOCOOOB NMOBBIINNeHUA 3(MeKTHBHOCTH IIblIeyaB- 
NMBaHWA TepBow cTyneHu ouncTKH. IIpu ysryuitte- 
HMM KayecTBa IIpeBapUTeJIbBHOM OYMCTKM CTaHO- 
BUTCH Oonee 93ddeKTHBHOM padoTa TKaHeBbIx 
(DHJIBTPOB (T. €. OKOHYATeJIbHAaA JOOUMCTKA Fa30B). 

Ha kadeape «Be30nacHOcTb %KH3HeJCATCJIbHO- 
CTH UW 3allldTa OKpyxKarollen cpebr» JIOHcCKOrO 
rocyapcTBeHHOrO TeXHWYeCKOrO YHHBepcuTetTa 
BegeTca HUMP to ucciyeqoBaHnto aspouqMHamMude- 
CKUX XapaKTepHCcTHK UM 9@deKTHBHOCTH TIbIIe- 
ylaBJIMBaHHA WMKIIOHHbIX alllapaToB pa3sIM4HOH 
dopmpr [1-3]. I[lomyyenpr smarentpr PO 
Ne 2506880 «IIbimreymapnusBatenb» wu Ne 2557741 
«YcTaHOBKa JIA Ibe yiaBIMBaHua. B yka3aH- 
HbIX pa3paOoTKax IIpe/JIOKeHbI Tbe yIaBIMBa- 
TeJIb C OOPaTHBIM KOHYCOM WH peryJIupyeMbIMu 
KOHCTPYKTHBHBbIMH TapaMeTpaMH, a TakxKe ycTa- 
HOBKa, NO3BOJAHOMaA WapaswiesbHO U 3deKTUB- 
HO HCCIICIOBaTh aspouqMHaMUuyeCcKHe IIpOIecchl u 
IIblWIeOcaKTeHHe BHYTPH WeHTpOOexKHBIX anlapa- 
TOB pa3HOH KOHCTpyKuMH [4—S]. 

OcHoBHad Hen UcceqOBaHHA. Mjexa 3aksI10- 
yaeTCA B MOMCKe palMOHabHOH POpMbI IeHTpo- 
OexKHOrO ITIbIIeyIOBUTeIA (OHA MO*KeT OBITS, 
HallpuMep, KOHYCHOM, a He WMIMHApM4eckon) u 
ONpeesICHHM ONTHMAJIbHBIX PeryIMPpyeMbIX KOH- 
CTPYKTMBHbIX TlapaMeTpoB alliaparoB. OO0a yka- 
3aHHbIX (akKTOpa OJDKHbI CMOCOOCTBOBATb II0- 
BbIMICHHIO IPMeKTHBHOCTU TIbWIeCyIaBIMBaHHA U 
CHYWKCHHIO SHEPrOeCMKOCTH OUHMCTKH C Yy4eTOM 
CBOMCTB WH XapaKTepHCTHK TbUICBO3YUIHOM cpe- 
JUbl. 

HloctaHospka 3aqa4unM. Ha moBepxXHOCTAX IMK- 
NOHOB HelWMIMHApHyeckon PopMbI (iWapoBsle, KO- 
HuYecKHe (OPMBI, pelIbeHbIe MOBEPXHOCTH C OT- 
PBIBHbIMH TeEYEHHAMM) BO3HUKaeT BUXpeBad Opra- 
Hu3alua (a TakxKe CaMoopraHH3allua). OHa 103B0- 
HA€T CYMICCTBeEHHO MHOBBICHTb 93@deKTHBHOCTh 
IIPOWeCcOB, CHH3HTb aspouMHaMMyecKoe conpo- 
THBJICHHe UW IpeIO#KUTb HOBbIC TEXHHYeCKHE pe- 
WeHUA YCTAaHOBOK MU armapatos. MccreqoBaHue 
9TOrO ABJICHHA — OJ[HO W3 AKTYAJIBHBIX HalpaBJe- 
HMM THApOTMHaMUKU U Telodu3uKH. Takxe 3a- 
CUY2KUBaIOT YIOMMHaHWA KOHCTPYKTMBHBIe pellle- 
HHA B WeCHTPOOeKHBIX alllapaTax, MO3BOIAFOWIMe 


NOBbICHTh TypOysIM3alMIO TWpolweccoB cenapanuu 





methods and ways to improve the efficiency of 
dust collection of the first stage of purification. 
With the improvement of pretreatment quality, 
the operation of fabric filters (i.e. final gas after- 
treatment) becomes more efficient. 

At the Department of "Life Safety and Envi- 
ronmental Protection" of the Don State Tech- 
nical University, the research is being conducted 
on studying of aerodynamic characteristics and 
efficiency of dust collection of cyclonic devices 
of various shapes [1-3]. The patents of the Rus- 
sian Federation No. 2506880 "Dust collector" 
and No. 2557741 "Dust collection installation" 
were received. In these studies, a dust collector 
with an inverted cone and adjustable design pa- 
rameters is proposed, as well as an installation 
that allows parallel and effective investigation 
of aerodynamic processes and dust laying inside 
centrifugal devices of different design [4-5]. 

The main idea of the study. The idea is to 
find a rational form of centrifugal dust collector 
(it can be, for example, conical, not cylindrical) 
and to determine the optimal adjustable design 
parameters of the devices. Both of these factors 
should contribute to increasing the efficiency of 
dust collection and reduce the energy consump- 
tion of cleaning, taking into account the proper- 
ties and characteristics of the dusty environ- 
ment. 

Problem statement. On the surfaces of cy- 
clones of non-cylindrical forms (spherical, coni- 
cal, relief surfaces with separated flows), there 
is a vortex organization (as well as _ self- 
organization). It allows to significantly increase 
the efficiency of processes, reduce aerodynamic 
resistance and to offer new technical installa- 
tions and apparatuses. The study of this phe- 
nomenon is one of the topical directions of hy- 
drodynamics and thermophysics. Also notewor- 
thy are the constructive solutions in centrifugal 


apparatuses, which allows increasing turbuliza- 





IIBIIM 3a CYeT OPraHu3allMu HanpaBleHuA TeVeHuA 
TIBIICBO3AYIUHbIX MOTOKOB (HallpHMep, IMKJIOHBbI 
CO BCTPeC4YHbIMH 3aKPYYMBarollMMUCA WOTOKaMN). 

TakuM oOpa30M, BbIOOp anlapaTOB OU4MCTKH 
TOJDKeEH OCHOBBIBaTbCA Ha UCIIOJIb3OBaHHU BUXpe- 
BbIX TYPOYJICHTHbIX MOTOKOB, HHTCHCH@UUMpyIO- 
mux cenapanuMro nbwIM. B sTOM IlanHe NOAXoTAMlad 
KOHCTpyKI[MA —— I[MKJIOHbI C pa3BHTOH KOHYCHOU 
YaCTbIO, U3MCHCHHbIM BHYTPeCHHHM T1pod@uJiem 
CTeEHOK HM peryIMpyeMbIMH KOHCTPyKTHBHBIMH Ia- 
paMeTpaMu Jit JOCTHXKeCHHA MaKCMMalIbHON 930p- 
(DeEKTHBHOCTH. 

B uccieqOBaHiAX, MOCBAIICHHBIX pa3spadoTKe u 
COBeEPINCHCTBOBaHH1O = ICHTPOOeEX*KHEIX IIbIJICOUn- 
CTHTeIeH, He IIpeCTaBJIeEHbI MOeIM CTpyKTypo- 
oOpa30BaHua McHepcHOoH da3bl B aliiapatax. 
Kpome Toro, OTCYTCTBYIOT JJaHHble O Wapasiesb- 
HbIX CPaBHUTeJIbHBIX MCHbITAHHAX HOBOTO IIbIIe- 
YJIOBUTeIA C H3BeECTHBIMM alimapatamu. He pac- 
CMATPUHBAaFOTCA BOIPOCBI, CBA3AHHBIe C IKCIIyAaTa- 
We Tbe yIOBUTeIA B YCJIOBHAX IIPOM3BOJICTBA, B 
pe3yIbTaTe 4ero pealIbHble XapaKTepHCTHKH aliia- 
paTa 3HaYHTeIbHO yCTyMaloT MOKa3aTesIAM, TWOsy- 
YCHHBIM B JIaOOpaTOPHBIX YCIOBUAX. 

JloctuxkeHve WesM padoTE TpeOyeT pelleHua 
cle XyYOWMXx 3aa4. 

1. Ha ocHoBe aHasIM3a U3BeECTHbIX KOHCTPyK- 
IMM IMKIIOHOB pa3paooTaThb MbIIeYIOBUTeIb C 00- 
PaTHbIM KOHYCOM HM KOHCTPyYKTHBHBIMM TWapaMetT- 
paMHu, KOTOPbIe MOryT peryJIMpOBaTbCA B 3aBUCH- 
MOCTH OT CBOHCTB IIbUIM WM XapaKTepHCTHK TIbIIe- 


BO3JTYIIHOM CpeybI (puc. 1) [5]. 
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tion of the processes for dust separation due to 


the direction of flow of dust-air streams (e.g. 
cyclones with opposing swirling flows). 

Thus, the choice of cleaning devices should be 
based on the use of vortex turbulent flows that 
intensify dust separation. In this regard, a suita- 
ble design is cyclones with a developed cone 
part, changed internal profile of the walls and 
adjustable design parameters to achieve maxi- 
mum efficiency. 

In researches devoted to the development and 
improvement of centrifugal dust cleaners, mod- 
els of structure formation of the dispersed phase 
in the apparatus are not presented. In addition, 
there are no data on parallel comparative tests of 
the new dust collector with the known devices. 
Issues related to the operation of the dust collec- 
tor in production conditions are not considered, 
as a result of which the actual characteristics of 
the device are significantly inferior to those ob- 
tained in the laboratory. 

Achieving the goal of the work requires the 
following tasks. 

1. On the basis of the analysis of the known 
designs of cyclones to develop a dust collector 
with an inverted cone and design parameters 
which can be regulated depending on dust prop- 


erties and characteristics of dusty environment 
(Fig. 1) [5]. 


ru _——— 





a) 





6) 


Puc. 1. YcraHoBka JIA Tbe yIaBsIMBaHHA (@) WM WMKIIOH C OOpaTHbIM KOHYCOM «LJOK-200-300» (6) 


Fig. 1. Installation for dust collection (a) and the cyclone with an inverted cone "TSOK-200-300" (b) 


2. Ilpopectu MoyemMpoBaHue U IKCIIEpHMeH- 
TaJIbHO UCCIeEOBaTh 93(@eKTUBHOCTh MbiWIey0- 
BUTeIA C OOpaTHbIM KOHYCOM MH peryJIMpyeMbIMu 
KOHCTPyKTHBHbIMM TWapaMeTpaMu Ha_ TOJIyIpo- 
MBIIMJICHHOH 9KCIICPHMCHTaJIbHOM YyCTaHOBKe 
(cM. pvc. 1) H BbIABHTb 3AKOHOMePHOCTH IIporec- 
Ca IIblJIeyIaBIMBaHiaA Ha OCHOBe adpoyqMHamMu4e- 
CKOM CTPyKTypbI ra30Boro MoTOKa | 6—8]. 

3. 3aevCTBOBaTb MOJYJIb ra30qM4HaMUYeCKO- 
TO aHasiM3a, MVHTeCrTpHpOBaHHbIM B COBPeMeHHOe 
BbICOKONPOW3BOUMTeIbHOe TporpaMMHoe oodec- 
tleueHne. C yayeToM TOJyYYIeHHbIX JJaHHbIX pa3pa- 
OoTaTb MeTOJMKy pacueta 3P(eKTHBHOCTH TIpo- 
lecca IbIIeylaBIMBaHuA B alilapaTax c oOpat- 
HbIM KOHYCOM UH perysIMpyeMbIMM KOHCTPyKTHUB- 
HbIMH TlapaMeTpaMu. 

Pe3yJIbTaTbl IKCHeEPHMeHTAJIBHBIX HCCIe10- 
BaHHnH. Co3qaHa HOBAA KOHCTPyYKIMA WMKIIOHHOrO 
alllapaTa, B KOTOPOM MpeaycMOTpeHa BO3MO%K- 
HOCTb peryMpOBaHHA KOHCTPyKTMBHBbIX WapaMet- 
POB IWMKJIOHA B 3ABMCHMOCTH OT CBOMCTB UM Xapak- 
TeEPHCTHK TbWICBOSTYWIHOM cpeybl (mareHT PO 
Ne 2506880 «I buieymaBimBatesb») [4]. 

B WukioHe c oOpaTHbIM KOHYyCOM («LJOK- 
200-300») 3a cueT KOHYCHOrO NpO@uA UCHOJb3y- 
eTCA YBeIM4YeHHAA WeHTpoOexKHasd cusia, eMCTBY- 


2. To conduct modeling and experimentally 
investigate the efficiency of the dust collector 
with an inverted cone and adjustable design pa- 
rameters on a semi-industrial experimental in- 
stallation (see Fig. 1) and to reveal regularities 
of dust collection process on the basis of aero- 
dynamic structure of gas flow [6-8]. 

3. To use gas-dynamic analysis module, inte- 
grated into the state-of-the-art high-performance 
software. Taking into account the obtained data, 
to develop a methodology for calculating the 
efficiency of the dust collection process in de- 
vices with an inverted cone and adjustable de- 
sign parameters. 

Experimental studies results. A new struc- 
ture of the cyclone apparatus has been created, 
which provides the possibility of regulating the 
constructive parameters of the cyclone depend- 
ing on the properties and characteristics of dust- 
air environment (RF patent No. 2506880 "Dust 
collector") [4]. 

In the cyclone with an inverted cone 
C"TSOK-200-300") due to the cone profile, we 
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roujad Ha TbWIeByKO YaCTHIy Ha WepBbIX BUTKaX 
BpawleHud. Bo3MOx%KHOCTb peryiMpoBaHua WryOu- 
HbI WOrpyxXKeHHA BbIXJIOMHOrO MaTpyOKa B TeJIO 
IMKJIOHA MO3BOJIACT YMCHbIUHMTb BbIHOC IIbIIM BTO- 
PHYHBIMH BUXpeBbIMM Te4YeHHAMM BO3TYXa. Pery- 
JMpOBaHHe COOTHOMeHHA OObeMa padouen 4acTH 
uw OyHKepa «LIOK-200-300» BimsaeT Ha aaspoqMHa- 
MHKY alliiapaTa UW Cellapalvio, 4YTO MO3BOIIAeT O0- 
nee 9deKTHBHO yJaBIMBaTb TbUIb pa3HOW JIMC- 
II€PCHOCTH HU IJIOTHOCTH. 

B na0opaTopHbIx YCJIOBHAX IIPOBeJIeCHbI CpaB- 
HUTCJIBHbIC BKCHCPHMeCHTAJIbHbIe UCCIeEOBaHuA 
Ha Majlopa3MepHbIX IIbIICyIOBUTeIAX. YCTaHOB- 
eHa CBA3b Mex*KJyY TeEOMeCTPHYeCCKMMM TlapaMmeT- 
paMH IMKIIOHHBIX alimapaTOB pa3HOH (OpMbI u 
9MeKTHBHOCTHIO TbilleyiaBIuBaHusd. IloKa3aHo, 
4TO Y IMKJIOHOB C OOpaTHbIM KOHycOoM («LJOK- 
200-300») sddekTHBHOCTb yilaBIMBaHHsA IIb 
BbIe, YeM Y IMJIMHApM4YecKuxX  allilaparTos. 
HavievHbl ONTHMaJIbHbIe KOHCTPyKTHMBHbIle Mapa- 
MeTppI «LJOK-200-300» (mryOuHa TorpyxeHua 
BbIXJIONHOFO WaTpyOKa HW COOTHOMIeHHe OObEMOB 
paOoyeH 4uacTu WMKIOHa W OyHKepa), MOBBbIMAIO- 
ue CTelleHb WbieouncTKu [9-11]. 

Mazspie pa3Mepbl WeHTpOOexKHBIX alllapaTos, C 
OJHOM CTOPOHBI, YaCTHYHO MpWBOMIM K HeKOp- 
PeKTHOCTH H3MepeHHM B COOTBETCTBUU C Tpebo- 
BaHuaAMH T'OCT 12.3.018-79 «Cuctrema ctaHyap- 
TOB Oe30nacHocTu Tpyza (CCBT). Cuctremsl BeH- 
THJIALMOHHbIe. Meroybr axpoquHaMuyecKux UC- 
IIbITaHHM»>. C Wpyrow CTOpOHbI, padOoTa Ha yctTa- 
HOBKe TpeOoBasla TpyOeCMKOTO MOHTax«Ka, T. K. 
COOPHO-pa3beMHbIe COesMHeEHUA pu Wepeycta- 
HOBKe IMKJIOHOB He OOecne4yMBalIM TrepMeTH4- 
HOCTb KOHCTPyKIUMUH. 

B 93ToH CBa3u Oba UIpOu3BeyqeHa MOJeEpHu3a- 
IMA Wad0opaTOopHow ycTaHoBKu (cM. puc. 1). Ee 
W3MCHeCHHad TeXHOJIOrMYeCKad CXeMa BKJIFOUaeCT 
Ba UCCICJYeMBIX IMKJIOHHBIX aliMmapata c WaTau- 
KaMUW VM BbICOKOTOUHbIMH H3MePpHTeJIbHbIMU TIpu- 
OopamMu. CpaBHUTeJIbHbIM UCIIbITAHHAM TeIepb 
MOryT ObITb TOABEprHyTbI MOJHOpa3sMepHBIe 
IIPOMBIMJICHHbIe OOPa3I[bI MWeCHTPpOOe2XKHEIX I[MK- 
NOHOB (HampuMmMep, «LTH-15y-300» uw «LOK-200- 
300»). KpomMe Toro, B paciops2»KeHHH KOJWICKTHBAa 
ABTOPOB MMeeTCA BLICOKOTOUHbIN COBDeMeHHBbIM 
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use an increased centrifugal force acting on dust 
particle in the first turns of rotation. The ability 
to control the depth of the exhaust pipe to the 
cyclone body reduces the discharge of secondary 
vortex air currents. Regulation of the volume 
ratio of the working part and the hopper of 
"TSOK -200-300" affects the apparatus aerody- 
namics and separation, which makes it more ef- 
fective to catch dust of different size and densi- 
ty. 

Comparative experimental researches on 
small-size dust collectors were carried out in la- 
boratory conditions. The connection between 
geometric parameters of cyclonic devices of dif- 
ferent shapes and dust collection efficiency is 
established. It is shown that in cyclones with an 
inverted cone ("“TSOK-200-300"), the efficiency 
of dust capture is higher than in cylindrical de- 
vices. The optimal design parameters of "TSOK- 
200-300" (depth of immersion of the exhaust 
pipe and the ratio of the volume of the working 
part of the cyclone and the hopper) were found, 
which increase the degree of dust cleaning [9- 
11]. 

The small size of the centrifugal apparatuses, 
on the one hand, partly has led to the incorrect- 
ness of measurements in accordance with the 
requirements of GOST 12.3.018-79 "System of 
occupational safety standards. Ventilation sys- 
tems. Aerodynamic test methods". On the other 
hand, the work on the installation required labor- 
intensive installation, because the units, when 
reinstalling the cyclones, did not ensure the 
tightness of the structure. 

In this regard, the laboratory facility has been 
upgraded (see Figure 1). Its modified flow chart 
includes two studied cyclone apparatus with 
sensors and high-precision measuring instru- 
ments. Full-sized industrial samples of centrifu- 
gal cyclones (for example, "TSN-15U-300" and 
"TSOK-200-300") can now be subjected to 


comparative tests. In addition, the team of au- 
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auddepenivasbHbId MUKpoMaHometTp Testo 521- 
1 (lepmanna). B KOMINICKT BXOJAT HalOpHpre 
TpyOxu = [InrTo, 


CBASAHHBbIC C IIICKTPOHHO- 


BLIUMCIIMTCIBHOU CHUCTeMOu (cTaHyapT 
RS232) [12]. Cautsranve, oOpadoTka u per- 
CTaBJIeHHe pe3yiIbTaTOB oOecne4yMBaeT Ipo- 
TpaMMHbIM KOoMIIeKc Comfort Software 3.4, ko- 
TOPbIN MO3BOJIAeT HalpAMY!IO B Pe2xKUME PeaJIbHO- 
TO BPpe€MeHH CHUMATb TOKa3zaTesIM U 3alIMCbIBaTb 
UX B Teo WporpammBI [13-14]. Ja usmMepenua 
3allbIIEHHOCTH = TIbIJIEBO3YUIHBIX TOTOKOB UC- 
HOUb3YeTCA TPDHOOSTCKTPHYeCKHH CTalMOHapHblit 
mbwiemMep IIMKII-T (Poccua). 

PesyJIbTaTbI TeOpeTH4eCKHX HCCIeOBaHHH. 
Hloqxoqbl K MOeIMpOBaHnHto. CrenMamu3upo- 
BaHHble WaKeTbI IpOrpaMM IlO3BOJIAFOT PacCuMTHI- 
BaTb C IIPHeMJICMOM WIA WpakKTHKH TOUHOCTHIO 
MaccoOOMeHHBble HU THA poOAMHaMMyeckue XapakTe- 
PHCTUKU TypOyNeHTHBIX MpOCTpaHCTBeHHBIX BUX- 
PeBbIX TeYeHHH B MHOFOCBA3HBIX OOUACTAX CJIOXK- 
HOH reomMetpun. IlpescTaBaaeTca MepcieKTUB- 
HbIM HCIOUb30BaHHe BUXpepa3zpelllarolwux JMC- 
KpeTHBbIX MOJIesIeH, KOTOpble peasms3yroTca B Flow 
Vision. 

IIpu BEIMOuHeEHHM pacueTOB aspoyqMHamMnue- 
CKHX TlapaMeTpoOB IMIIMHApM4ecKOrO WMKIIOHA U 
ICHTPOOEXHOrFO MbINeCYIOBUTeIA C OOpaTHbIM KO- 
HYCOM MUCIIOJIb30BaHa cCTaHwapTHad -93TICHJIOH 
MOJleIb TypOyneHTHOCcTH [15]. Ha ocHoBaHuH MO- 
JI@JIBHBIX PacueTOB ONpeeeHbI MMApaBsIM4ecKHe 
COIMPOTHBIICHUA CbaBHHBaeMBIX IMKJIOHOB pa3HOou 
(DOpMBI (KOHHYeCKHH HU WusMHApuYeckuit). Pado- 
Ta C OOKOM ra30/,MHaMWyecKuX pacueTOB CHCTe- 
MbI ANSYS o3BOMIIa UCIMOIb3OBaTb: 

— k-91ICMIOH MOJIesIb TypOYJIEHTHOCTH JIA MOJeJIM- 
POBaHHA axpoTMHAMUYEeCKUX IIPOIeCCOB B IIbIeyJIO- 
BUTCJIAX; 

— k-omera MOJIeuIb JUIA ONMMCAHHA TpOMeccos B TIpu- 
CTCHOYHOM cyloe. 

3akmio4eHHe. I[poBeqeHue ucciueqOBaHuH B 
3aABJICHHOM HalipaBsIeHHuH MO3BOJIAeCT MOJYAUTb 
3HaYMMble Hay4Hble U IpUKaHble pe3ysIbTarTHl. 
Hwxe lepeqyucieHbl HEKOTOpPhIle 43 HX. 

1. Co3qaHuve OaHkKa JIaHHBIX O Pa3JIM4HbIX KOH- 


CTPYKIIMAX ICHTpOOe2*KHBIX MIbIUIeCyIOBUTeen. 


2. MopMylMpoBaHve Hay4dHO OOOCHOBaHHBIX 





thors has a high-precision modern differential 
micrometer Testo 521-1 (Germany). The set in- 
cludes Pitot pressure tubes connected to the elec- 
tronic computing system (standard RS232) [12]. 
Reading, processing and presentation of the re- 
sults 1s provided by the software package Com- 
fort Software 3.4, which allows you to take the 
readings and record them in the body of the pro- 
gram [13-14] directly in real time. For measur- 
ing the dustiness of dusty flows the stationary 
triboelectric dust meter, PIKP-T (Russia) was 
used. 

Theoretical research results. Approach to 
modeling. Specialized software packages allow 
calculating mass transfer and hydrodynamic 
characteristics of turbulent spatial vortex flows 
in multi-connected domains of complex geome- 
try with acceptable accuracy. It seems promising 
to use eddy-resolving discrete models, which are 
implemented in Flow Vision. 

The standard K-Epsilon turbulence model 
[15] 1s used in calculations of aerodynamic pa- 
rameters of cylindrical cyclone and centrifugal 
dust collector with an inverted cone. Hydraulic 
resistances of the compared cyclones of different 
shapes (conical and cylindrical) are determined 
on the basis of model calculations. Work with 
gas-dynamic calculations of the system ANSYS 
allowed us to use: 

- k-Epsilon turbulence model for aerodynam- 
ic simulation in dust collectors; 

- k-omega model to describe processes in the 
near-wall layer. 


Conclusion. Conducting research in the stat- 
ed direction allows us to obtain significant scien- 
tific and applied results. Some of them are listed 
below. 

1. Creation of a data bank on various designs 
of centrifugal separators. 


2. Formulation of scientifically based re- 
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TpeOoBaHuH K MpoOBeJIeHHIO azxposyMHaMu4ecKuXx 
MCIbITaHUM, K CXeMe HM TOUHOCTH W3MepeHHh, K 
BbIOOpy HOCTOBeEpHOTO MeTOa OlIpeqeueHuA 90p- 
(DeEKTHBHOCTH be ylaBsIMBaHHA. 

3. BarpeqeHue aHasIMTM4eCKHX 3aABHCHMOCTeM 
(IPH pa3JIM4HOH 3aaBaeMOM MpOn3BOJMTeJIbHO- 
CTH BBITS#KHOIO BeHTHIATOPAa), OMNMCbIBAIOIIMX 
W3MeCHeEHHA TOJIHOrO, CTaTM4eCKOTO, JMHaMM4e- 
CKOIO JlaBJICHHA UW pa3psoKeHUA B OyHKepe, CKOpO- 
CTH JIBYOKCHHA BO3AyxXa UM pacxoja B U3MepHTelIb- 
HbIX TOUKAX CCYCHHM BXOJIHbIX HU BbIXOJHbIX a- 
TPYOKOB. 

4. PacueTHoe UM 9KCHeCpHMeHTAaIbHOe Onpese- 
neHve KOSIPMUUMCHTOB FHApaBIMYeCKOrO COLIpo- 
THBIeHuA ammaparoB «L{H-1l5y-300» wu «LOK- 
200-300». 

5. YcTaHOBJIeHHe aHaJIMTHUeCCKUX 3aBMCHMO- 
cTeHw M@K]Y MIyOMHOM MOrMpyKeHHA BBIXJIOMHOrO 
aTpyOka WMKIOHa, reOMeTPH4YeCCKUMU pa3Mepa- 
MM OyHKepa, a29poyMHaMM4eCKMMH MOKa3aTeJlAaMu 
ICHTPOOe@XKHEIX IIbWICyIOBUTeIeM, BeuM4YMHOM 
TH paBIM4eCKUX COMPOTHBIeCHHH. 

6. BpraBuleHHe aHasIMTH4YeCCKHX 3aBHCHMOCTEeH, 
ONMCHIBaFOIUMX M3MeHeEHHe KOHICHTpalMu TIM 
B TIbIICBO3YIIHOM IIOTOKe B BbIXOJHbBIX CCUCHUAX 
WaTPyOKOB IIpH 3aaHHbIxX UCXOJHBIX KOHI[CHTpa- 
IMAX Tb BO BXOJHbIX WaTpyOkax Wu pu pa3- 
NMYHON IPOW3BOAMTeIbHOCTH BEITAXKHOLO BEHTH- 
NATOPa Ha Pa3sHBIX IbILAX. 

7. PacueTHOe WM 9SKCHeEPMMeHTAaJIbHOe ONpeye- 
neHue cTeleHu 93ddeKTHBHOCTH IIbIeyIaBJIUBa- 
Hua anmapaToB «LTH-15y-300» u «LTOK-200-300» 
IIpPH pa3JIM4YHbIX PexKUMAX PaOOTHI yCTaHOBKH Ha 
pa3sJIM4HBbIX BUWAaX TIM. 

8. BprpeqeHve aHasIMTH4eCKHX 3ABHCHMOCTEeH, 
ONMCbIBaIOIIMX BIIMAHHe TIyYOMHbI NWorpyKeHHA 
BbIXJIOMHOLO MatpyOkKa HW reOMeTpHYeCKUX pa3Me- 
poB OyHKepa Ha 9PeKTHBHOCTH MbIWeylaBsIMBa- 
HHA WeHTPOOEXKHBIMH TbIICYIOBUTeIAMM Ha pa3- 
HbIX ITbULAX. 

9. OnucaHve JMCHepcHoro COcTaBa TIbIIeH JO 
WM MOCIe€ OUMCTKU B UCCIIEYeMBIX WMKIOHAX. 

10. DkcnepuMeHTasIbHOe OLpezereHue KOImdu- 
IMeHTOB TMApaBIIM4eCKOTO COMpOTHBeHHA armla- 
parop «LH-1l5y-300» u «LOK-200-300» mpu uc- 
CleOBAHHAX Ha MbVICBO3TYIUIHbIX MOTOKAX. 
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quirements to the conduction of aerodynamic 
tests, to the scheme and accuracy of measure- 
ments, to the choice of a reliable method for ef- 
ficiency determination of dust collection. 

3. Determination of analytical dependencies 
(at various specified exhaust fan capacity) that 
describe changes of a full, static, dynamic pres- 
sure and the vacuum in the hopper, the velocity 
of the air flow at the measuring points of input 
and output data ports cross-sections. 

4. Calculation and experimental determina- 
tion of hydraulic resistance coefficients of de- 
vices "TSN-15U-300"and" TSOK-200-300". 

5. Establishment of analytical dependences 
between the depth of the cyclone exhaust pipe, 
the geometric dimensions of the hopper, the aer- 
odynamic parameters of centrifugal dust collec- 
tors, the value of the hydraulic resistances. 

6. Identification of the analytical dependenc- 
es describing change of concentration of dust in 
the dusty flow in the output sections of the noz- 
Zles at given initial concentrations of dust in the 
input nozzles and at different performance of the 
exhaust blower for various dust. 

7. Calculation and experimental determina- 
tion of the degree of efficiency of dust collection 
devices "TSN-15U-300" and "TSOK-200-300" 
at different modes of operation of the installation 
on different types of dust. 

8. Determination of analytical dependences 
describing the effect of the depth of immersion 
of the exhaust pipe and the geometric dimen- 
sions of the hopper on the efficiency of dust col- 
lection by centrifugal dust collectors on different 
dusts. 

9. Description of the dispersed composition 
of dusts before and after cleaning in the studied 
cyclones. 

10. Experimental determination of the coeffi- 
cients of hydraulic resistance devices "TSN- 
15U-300" and "TSOK-200-300" in studies on 


dusty air flows. 
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11. HayaHoe oO0cHOBaHHe NPHHIWNOB Wpoek- 11. Scientific substantiation of the principles 


THPOBaHHA MH MCIOUb30BAHUA WeHTPOOeKHBIX IIbI- of design and use of centrifugal dust collectors 


JICYIOBHTCICH, BCTPOCHHBIX B aCliNpallwOHHbIe built into aspiration systems and jet transport of 


CHCTCMbI UW WHCBMOTPaHCIlOpT MallnHOCTpoH- 


TCJIBHBIX IIPOU3BOCTB. 
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B  padote mpecTaBsIeHbI #WHHOBAIIMOHHBIC 
IMpoBble pelicHHA, HalleueHHble Ha CHWKeHHe 
IIPOH3BOJICTBEHHOIO TpaBMaTH3Ma. Pa3spadOoTaHHoe 
UMMpoBoe cpesCTBO UWHAMBUAyabHOW 3alllMTbI 
(C3) m1o3BOJIA4eT OJJHOBPCMCHHO KOHTPOJIMPOBATh 
Ba (bakTopa Oe30NaCHOCTH: MpOAOJDKUTeJIBHOCTh 
HaxO%K CHUA paOOTHHKa Ha BbICOTe MH (UKCAIIHEO 
Tpoca c kKapaOuvHoM. IIpu 93TOM Cc. BBICOKOM 
MOXKHO OyJIeT 


BCPOATHOCTBIO MCKJIEFOUNTb 


HapylmieCHvwA TCXHUKU Oe30lacHOCTH WY, Kak 


CHeCTBUe, U30e2%KaTb TpaBM. 


Ks1t0ueBbIe CJIOBA: IIPOW3BOJICTBCHHBIN 


TpaBMaTi3M, MHHOBALMOHHBIC TCXHUATCCKHE 


pelleHua, WHdpoBolw KOMONHE30H. 


Bpejenne. AHasiu3 CTaTHCTH4eCKHX JIAaHHbIX O 
TpaBMaTH3Me B PocTOBCKOH OONacTH MO3BOJAeT 
YIBepxKaTb, YTO KOJIMYCCTBO TADKEIIBIX WH CMep- 
Te@JIBHbIX HeCUACTHbIX CIy4aeB Ha MpOW3BOCTBE 
pactert Ba fecaTuseTua nogApay. C 2009-ro no 
2011 roa ux Fos B OOWeM 4UCIIe TpaBM JocTura- 
na 8 %, 4TO CYUIECTBeEHHO IIpeBblllaeT WOKa3aTesIM 
Pa3BUTbIX CTpaH Mupa. ITO CBUeTeIbCTByeT O 
HeEOOXOJMMOCTH JaIbHeMWero KOMIMJICKCHOrO HC- 
CeOBaHHA TpOW3BOACTBeCHHOrO TpaBMaTH3Ma HU 
pa3pa0oTKH 93(MeKTHBHBIX MepOlpuATHM TO T0- 
BbILMeCHHEIO Oe30TacHOcTH Tpysa [1-8]. 

CpecTBO 3alIMTbI OT NaseHHA 4esOBeKa C 
BbICOTbI Ha OCHOBe WHpoBbIx TexHOJIOrMi. 
TexHuyeckwe UW TeXHOJIOrM4YeCKHe CpeCTBAa, 3a- 
WMarolve YeOBeKa OT TayeHuA, WIMpOKO npu- 
MCHAKOTCA TIP BbINOJIHCHHM pa3JIM4UHbIX BHJIOB 
paOot. JIoBObHO paclipocTpaHeHHoe pellieHue — 
CiieliMasIbHad padouad OexKbI C PeMHAMU 6e3- 
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The paper presents innovative digital solutions 


to reduce occupational injuries. The developed 
digital PPE allows you to monitor the duration 
of workers at height with simultaneous monitor- 
ing of the state of fixation of the cable with the 
carabiner. Thus, with a high probability we can 


avoid safety violations and personal injury. 


Keywords: occupational injuries, innovative 
technical solutions, digital jumpsuit. 


Introduction. The analysis of the statistics 
on injuries in the Rostov region suggests that the 
number of serious and fatal accidents at work 
has been growing for two decades. From 2009 
to 2011, their share in the total number of inju- 
ries has reached 8%, which is significantly 
higher than in the developed countries. This in- 
dicates the need for further comprehensive study 
of the production of occupational injuries and 
the development of effective measures to in- 
crease safety [1-8]. 

Fall protection means based on digital 
technologies. Technical and _ technological 
means, protecting people from falling, are wide- 
ly used in various types of work. A common 
solution is a special work clothes with safety 


belts. The following disadvantages were noted 





onacHocTu. B mpotecce sKcIIyaTalwu 3alllMTHbIx 
CHCTeM HepBbIX MOKOJICHHH Ob OTMeYeHBI Cie- 
myroulue HeOcTaTKU: 

— W3-3a CJIOXKHOCTH B3AaUMOCBA3H PeMHeH PUK- 
calla Hey00Ha U TpeOyeT JWIMTeIbHOrO BpeMeHy; 

— TII0Wab ONOPbl ATONMYHOrO PeMHA HeJO- 
CTaTOUHA, YTO BbI3bIBACT JMCKOM@OPT HU TAKUM 0O- 
pa30M OrpaHH4uBaeT BO3MO2%KHOCTH BBIMOJIHCHHA 
paOor B 1103e CHA Mpu 3aBMCaHHu Ha Tpoce WIM 
BepeBKe; 

— HeCOOTBETCTBHe CHCTeCMbI H3BeCCTHbIM HOp- 
MaM 9PproHOMHKH TpenaTcTByetT 9ddeKTuBHOH 
IIpOAOJDKUTeIbHOM padoTe Ha BbICOTe B IOJIO%Ke- 
HMM 3aBUCaHHA WU He MO3BOJIACT KOHTPOJIMpOBaTb 
(puKcaluMio paOOTHHKa Ha HajlexKHbIX OrparxKa1o- 
IHX KOHCTpyKinAx [9-10]. 

YcoBeplIeHCTBOBaHHbIM UWM@poBoi KOMOUHE- 
30H JIA paOoT Ha BbICOTe (puc. 1) MpezcTaBaAeT 
COOOM CHelOTeK Ty, CIIMTYIO 13 KOMIMO3HIIMOHHBIX 
MaTepHasIOB C Ooee IpOUHOM MOJIHHeH MU peMHs- 
MH Oe301aCHOCTH. 


in the operation of the protective systems of the 


first generations: 

- due to the complexity of belts connection 
their fixation is inconvenient and requires a long 
time; 

- the supporting area of the gluteal belt is in- 
sufficient, which causes discomfort and thus 
limits the possibility of performing works while 
sitting on a rope; 

- nonconformity of the system with the 
known standards of ergonomics prevents long- 
term effective work at height in the hanging po- 
sition and does not allow controlling fixation of 
a worker on reliable enclosing structures [9-10]. 

Advanced digital jumpsuit for work at height 
(Fig. 1) is a protective clothing, made of compo- 
site materials with a more durable zipper and 
belts. 


Aw AR W NS 


Puc. 1. OOmmMu Bu WudpoBoro KOMOuMHE30HA JIA paOoT Ha BbICOTe: | — KOMONHE30H, 2 — yCuJIeHHad MOJIHUA, 


3 — cTpaxoBOUHble pemMHH, 4 — ycuJIeCHHbIM Tpoc, 5 — WHTeJWICKTyaJIbHbIM KapaoOuH, 6 — kpemeHuve-IMnyykKa, 





7 — OTBeTHBIe KpemieHuad — JIMMy4KH 


Fig. 1. General view of the digital jumpsuit for work at height: I - jumpsuit, 2 - reinforced zipper, 


3 - safety belts, 4 - reinforced cable, 5-intelligent carabiner, 6 - Velcro fastening, 7 - reverse Velcro 


fastening 


KomOnHe30H OCHAIICH YCHJICHHBIM TPOCOM H3 


yIJIeIIaCTHKOBOrO BOJIOKHa, ONTOBOJIOKHa HU 
HetiioHa. Ha crpaxoBOUHbIX PeMHAX 3aKpelieH 
WVHTCIICKTYAIbHbIM KapaOuH: OlaroyapaA UCIOsIb- 
30BaHHIO IM@pOBbIX TeXHOJIOrMM OH Mepesaer 
JJaHHbIe O COCTOAHUM PeMHA Oe30MaCHOCTH Ha CTa- 
IMOHAPpHbIN OJIOK yupaBJIeHHA. 


AJIbTUMeTp, HaCTpOCHHBIN Ha OllpeyesIeHHy!O 
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The jumpsuit is equipped with a reinforced 
cable made of carbon fiber, optic fiber and ny- 
lon. An intelligent carabiner is attached to the 
safety-belts: due to the use of digital technolo- 
gies, it transmits data on the status of the safety- 
belt to the stationary control unit. 

Altimeter, set to a certain height, simultane- 


ously sends a signal about a possible violation to 


SF J! D / / 


Safety of Technogenic and Natural Systems 





BbICOTY, OTIIPaBJIAeT CHTHAJI O BO3MO2XKHOM Hapy- 
I€HHH OJHOBPeMeHHO padOoTHHKy HU B Ilex — Ha 
I[CHTpasIbHbIM OOK. 30eCb xXpaHATCA WaHHble oO 
TOM, Kak JIOJIFO COTPYAHHK, padOoTarollui Ha BbICO- 
Te, ObI He MpucTerHyT (WIM MWpucTerHyT) K 3a- 
IMTHBIM OrpaxkyeHuiM. Undopmallua BbIBOAUTCA 
Ha llaHesIb UM@poBon MHAMKaWMU QOKK-mMonntop). 

IIpeqnon0x%xuM, 4TO pa3padoTaHHoe WudpoBoe 
CVU3 103B0IAeT OMHOBPCEMCHHO KOHTPOJIMpOBaTB: 

— TPOOJDKUTeEIbHOCTh HaxO2*KJCHHA PaOoTHH- 
KOB Ha BBICOTEe; 

— (PHKCalIHEO Tpoca c KapaOHHOM. 

IIpu 9TOM C BbICOKOM BeEPOATHOCTbIO MO2KHO 
OyneT U30e%KAaTb HapylleHuaA TeXHUKU Oe30racHo- 
CTH. 

BepoxTHocTHad OWeHKAa BO3MO%KHOCTH CHH- 
*KCHHA PHCKOB TpaBM Ip nmpumMenenuun CH3 na 
OCHOBe HHHOBAIMOHHBIX pelleHui HW WHpoBbix 
TeXxHOJIOrHH. B 3aBHCHMOCTH OT paccMaTpuBae- 
MOM CHTyallwH W3y4YeHHe TpaBMOOTIaCHOCTH Ha 
IIPOMU3BOJICTBE MO2%KET OCYIIECTBIIATBCA JO WII I10- 
cue COOBITHA — allpHOpHO WIM allocTepHopHo. 

OueBHHO, 4TO alIpHOPHbIM aHalu3 BaxKHee, 
4eM allOCTepHOpHbIM, Tak KaK OH IIpe/lecTByeT 
HeraTHBHOH cuTyaluu. IIpu stom Ha pakTuKe 00a 
BapHaHTa JIOMOUHAIOT Apyr Apyra. Ecim peub uyer 
O TCXHH4e€CKHX CHCTeMax, MIpWOOpeTeHHbIN OLIbIT 
MCIHOJIb3YeTCA B alIPHOPHOM aHasiu3e HaylexKHOCTU 
MallIMH WIM MpOMbImMJIeCHHOrO OOopyz0BaHuaA. IIpu 
9TOM BO3MOX%KHBI J[Ba WOAXOa K W3y4CHHFO Mexa- 
HM3Ma, JIOrMKU, MOCIeEOBaTeJIbBHOCTH MW MaTeMaTH- 
yeCKOTO ONMCaHHA BepOATHOCTH BO3HHKHOBeCHHA 
onacHocTy [11-13]. 

Ileppamm mozxoy, omMpaeTca Ha BEPOATHOCTE pe- 
anM3auuu COObITHA pu WoOrM4ueckow onepanuu VU 
(BbIXOWHOe COOITHE TpOM30N eT, ec BCe BXOJ- 
HbIe COOBITHA IIPOU30U YT OJHOBPeMeHHO): 

P (TpaBMa pu nMayeHun) — i (A) x P (B). 

JjaHHy!O [OCIeCOBaTebHOCTb COOBITHH pac- 
CMaTpHBaTb He OyseM. 

Bropovw MOAXO Y4HTbIBaeT BeEPOATHOCTb pea- 
NM3aluu COObITHA (MayJeHHA C BBICOTBI HM WoOy4e- 
HHA TpaBMbI) pu jorMyeckon onepanuu VJ 
(WIA IpOABJICHHA BbIXOXHOLO COOBITHA JOCTaTOUHO 
CBeplleHua JIOOOrO 3 BXOHbIX). Iloa Takoe 


ollpeqeueHve NoyMayaroT OUCH MHOTHe COOBITHA. 





the worker and the shop - to the central unit. It 
stores data on how long the worker, working at 
height is not fastened (or fastened) to the protec- 
tive barriers. The information is displayed on 
the digital display panel (LCD monitor). 

Let us suppose that the developed digital 
PPE makes it possible to control simultaneous- 
ly: 

- duration of stay of workers at height; 

- fixation of the rope with a carabiner. 

Thus with high probability it will be possible 


to avoid violations of safety regulations. 


Probabilistic assessment of the possibility 
of injuries risk reduction in the application of 
PPE based on innovative solutions and digital 
technologies. Depending on the situation under 
consideration, the study of occupational hazards 
can be carried out before or after the event - a 
priori or a posteriori. 

Obviously, a priori analysis is more im- 
portant than a posteriori analysis because it pre- 
cedes a negative situation. In practice, both 
analyses complement each other. When it comes 
to technical systems, the experience is used in a 
priori analysis of the reliability of machines or 
industrial equipment. At the same time, two ap- 
proaches to the study of mechanism, logic, se- 
quence and mathematical description of the 
probability of occurrence of danger are possible 
[11-13]. 

The first approach relies on the probability 
of realization of the event in a logical operation 
I (the output event will occur if all input events 
occur simultaneously): 

P Gnjury from falling) = P (A) x P (B). 

This sequence of events will not be consid- 
ered. 

The second approach takes into account the 
probability of the event (falling from a height 
and injury) during a logical operation or (for the 
output event, any of the inputs is sufficient). 
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BeposTHOcTb Ux pealm3aluuu onpeyelisetca 0 
(bopmylie: 
P (Aj, Aj) = P (Ai) P (Ai), 

roe A,, A; — MHO?2KeCTBO I-xX He3aBHCHMBIX CO- 
ObITHH. 

PaccMOTpUM IIpocTy}lo CHTyallM1O C JIBYMA CO- 
ObITHAMH: 

— A «Hayes — He Hagen CV3»; 

— B «iockosIb3HyJICA — yiasl W MOCKOJIB3HYJI- 
Ca — He yap». 

B 9TOM Ciry4ae 3ABUCHMOCTb COKpalllaeTca JO: 

P (TpaBMa pu Mayenun) — | — [Ud _ P4)| x [U1 - Ps)I. 

PaccMOTpUM YCJIOBHA HW BEPOATHOCTh WayleHuaA C 
BbICOTBI HM HOUYYCHHA TpaBMbI IIpH OTCYTCTBUU 
TEXHH4eCKON cTpaxoBKH. JIolycTuM, Ha BbICOTEe 
Oomee 1,5 M HeJMCUMIMIMHUpOBaHHbIN COTpyHHK 
paOotaet 6e3 CH3. 

Cutyalua meppad (Kpaive HeraTuBHas). Ompe- 
JIeJIMM, HaCKOJIbKO BepOATHO, YTO padoun He UC- 
Toub3yeT CU3 (crpaxoBouHbI WOAC OTCYTCTBYEeT): 

P,z=1. 

OnpeyesIMM, HaCKOJIbKO BepOATHO, 4TO padboun 
yllayleT 13-38 HEBHUMATeJIbHOCTH WIM MOTepu paB- 
HOBeCHA (CTpaxOBOYHbIN MOAC OTCYTCTBYeT; Ha 
IIpeMpuATHU CHCTeMHO HapylllaeTca TexHuKa 0e3- 
oOlacHOcTyH): 

i B= 1. 

BeposTHocTb WaweHua UW TOUYYeHHA TpaBMBI 
mpu Py=1, Pg=1: 

P papa upu nanenun) =|- (1 — I) (1 = I) =] 
(100 % ucxoy, Kpavine HeraTHBHBIN). 

Cutyalua Bropadt (HeraTHBHad). OrnpeyemuM, 
HaCKOJIbKO BepOATHO, 4TO padounH ynayeT W3-3a 
HeEBHUMAaTeJIBHOCTH WIM WOTepH paBHoBecHA (pH 
HaIM4uu CTpaxoBOuHOorO Tosca; Ha WpewwpuaATun 
CHCTe€MHO HapylllaeTca TeXHuKa Oe30NacHOcTH): 

P Bo Q...1. 
BeposaTHocTb ayeHud WU WOJyYYeHHA TpaBMbI B 
ciryuae cpeyHuXx 3Ha4eHHH 50 % x 50 %: 
P,4 = 0,5, Px = 0,5: 
P(rpasma pu Wayenun) — | — (1 _ 0,5) (1 _ 0,5) = 0,75 
(75 % UCxXOX HeraTUBHBIN). 

Cutyalua TpeTba (m03HuTHBHad). OnpezenuM, 
HaCKOJIBKO BePOATHO, YTO AMCIUMIMJIMHMpOBaHHBIi, 
IOCTOAHHO KOHTPOJIMPyeMbIN padouni He UCIIOIIb- 
3yeT CH3 (pu Hamu CTpaxOBOYHOrO Tosca): 
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Many events fall within this definition. The 
probability of their occurrence is determined by 
the formula: 

P (Aj, Aj) = P (Ai) P (Ai), 

where Aj, A; -a Set of i-x independent events. 

Let us consider a simple situation with two 
events: 

-A "wearing - not wearing of PPE"; 

- B "slipped - fell and slipped - fell". 

In this case, the dependency is reduced to: 

P (Gnjury from falling) = 1 — [. — Pa)] x [C1 — Pa)]. 

Let us consider the conditions and the prob- 
ability of falling from height and injury without 
technical safety. For example, at a height of 
over 1.5 m an undisciplined worker is working 
without PPE. 

The first situation (extremely negative). Let 
us determine how likely it is that the worker 
does not use PPE (safety belt is missing): 

Piel 

Let us determine how likely it is that the 
worker will fall due to negligence or loss of bal- 
ance (there is no safety belt; safety regulations 
are systematically violated): 

Pz=l. 

Probability of falling and injury in Py = 1, Pp 
=|: 

Pnjury from falling) = 1 — (1. — 1) A - 1) = 1 C100 
% outcome extremely negative). 

The second situation (negative). Let us de- 
termine how likely it is that the worker will fall 
due to inattentiveness or loss of balance (with a 
safety belt; safety regulations are systematically 
violated): 

Pg=0...1. 

Probability of falling and injury in this case 

is of an average of 50% x 50 %: 
P4=0,5, Pg = 0,5: 

Pinjury from falling) = 1 — (1 — 0.5) (1 — 0.5) = 
0.75 (75 % the outcome is negative). 

The third situation (positive). Let us deter- 
mine how likely it is that a disciplined, constant- 
ly controlled worker does not use PPE (if there 
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P,=0. 

OnpeyesIuM, HaCKOJIbKO BeEpOATHO, 4TO padbount 
yllayleT 43-38 HEBHUMATeJIbHOCTH WIM MOTepH paB- 
HOBeCHA (IPH WpaBYJIbHOM HCIIOJIb30BaHHU CTpa- 
XOBOYHOTO WoOAca; Ha WpeAMpuATHU COOsOWAaIOTCA 
paBusia TEXHUKU Oe30MacHOcTyH): 

yes B= 0 

Ecsm P, = 0, Pg = 0, TO BeposATHOCTh NayeHHA U 
TOJIYYCHUA TPaBMBI: 

Ppasma pu mayenun) — | — (1 aa Q) (1 -_ 0) =0 (11a qe- 

Hie HEBO3MO2%KHO). 

IIpumMenus JIOrHKy TpeybIAyuIMx WpuMepoB Uu 
YUUTbIBAA BePOATHOCTb (u3H4eCKOH ycTaslocTn, 
IICHXOJIOrM4eCKOM HalipsxKeHHOCTH epcoHala, 
HeyOOcTBa HW WIOXOM SproHOMHKH Ha padouem 
MeCTe, 3AaJ[bIMJICHHOCTH, 3aIIbUICHHOCTH UU Jp., 
MOXKHO BBIYHCIIMTb BEPOATHOCTL TPaBMBI B IIpOMe- 
XKYTOYHBIX CIIyYaAX (OOACTb BTOPOH cuTyann). B 
JJaHHOM CJIy4ae BEPOATHOCTb TpaBMBI YBeJIM4MBa- 
eCTCA C POCTOM BXOJIAIIMX B 3ABMCHMOCTb TOKCHY- 
HbIX KOMIOHCHTOB. 

Yka3aHHble B Havasle CTaTbH WHHHOBAaIMOHHBIe 
UMMpoBble TEXHHYeCKHe PellleHHA ABHO CHW)KAFOT 
PHCKUM BepOATHOCTH MayleHuA, KOTOPbIe MOryT BXO- 
JMTb B OL[CHOUHY!IO 3aBMCUMOCTE. IIpu sTOM MOryT 
ObITb MAKCHMAJIBHBIMU UM CTPeMATCA K CMHUIe BCe 
pacueTHble BepOATHOCTH: 

— lIpumMeHeHue CH3, 

— ncnomb30BaHHe CM3 Ha 3auaHHOH BbICOTE, 

— MX IleJIOCTHOCTE, 

— xopollee IcHxojlorM4ecKoe COCTOAHHeE CO- 
TpyIHuKa (CCIM OH OCO3HaeT OeE30IaACHOCTb U BO3- 
MOXKHOCTb IOOMIPeCHHA 3a paOOTY B_  CJIOXKHBbIX 
YCHIOBHAX). 

3akmro4enne. M3yyenuve sTHOOrMM HecuacT- 
HBIX Cy4aeB MO3BOJIAeCT pa3spadbaTbIBaTbh MHHOBA- 
I[MOHHbIC UH WHpoOBble TEXHOJOIMH, UCIIOIb30Ba- 
He KOTOPbIX CHY2KACT BEPOATHOCTb OMAaCHBbIX CH- 
TyallMi UW TpaBM. Pe3syJIbTaTbI MCCIeOBaHHU WO0Ka- 
3bIBaIOT, UTO JOBOJIbHO YaCTO OMaCHOCTb He OCO- 
3HaeTCA HH CyOBeKTOM JleHcTBHA (pado4uHM), Hu 
IIl€@pPCOHaJIOM, OTBeETCTBCHHbIM 3a TeXHHKy 0¢e3- 
onacHocTHu [14-15]. B sTo cBa3u Wesecoodpa3Ho 
BHeJIPATb B MPOW3BOJICTBeCHHY!O TipakTUKy Wudpo- 
BbIeC 9JIEMCHTbI, OMNOBEeLaOllue O MOTeHIMaIbHOn 
BO3MO2%KHOCTH HeCyaCcTHOrO C1y4ad (B YaCTHOCTH, O 
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is a Safety belt): 
P,=0. 

Let us determine how likely it is that the 
worker will fall due to negligence or loss of bal- 
ance (with the correct use of the safety belt; the 
company complies with the safety regulations): 

Pzg=0 

If P4 = 0, Pg = O, the probability of falling 
and injury: 

PGinjury from falling) = 1 — (1 — 0) (1 — 0) = O (fall- 

ing 1s impossible). 

Applying the logic of the previous examples 
and taking into account the probability of physi- 
cal fatigue, psychological stress of the staff, in- 
convenience and poor ergonomics in the work- 
place, smoke, dust, etc., it 1s possible to calcu- 
late the probability of injury in intermediate 
cases (the second situation area). In this case, 
the probability of injury increases with the 
number of dependent toxic components. 

The innovative digital technical solutions 
mentioned at the beginning of the article clearly 
reduce the risk of falling, which can be included 
in the evaluation dependence. All the calculated 
probabilities can be maximum and tend to 1: 

- the use of PPE, 

- the use of PPE at a given height, 

- their integrity, 

- good psychological state of the worker (if 
he / she is aware of the danger and possibility of 


encouragement for work in difficult conditions). 


Conclusion. Studying the etiology of acci- 
dents allows us to develop innovative and digi- 
tal technologies, the use of which reduces the 
probability of dangerous situations and injuries. 
The results of the studies show that quite often 
the danger is not recognized either by the sub- 
ject of action (worker) or by the personnel re- 
sponsible for safety [14-15]. In this regard, it 1s 
advisable to introduce into production practice 
digital elements that notify about the potential 


accident (in particular, about the lack of the 
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Beedenue. B cTaTbe paccCMOTpeHbI aKTyaJIbHbIe 
BOIIPOCbI COBepIIICHCTBOBaHHA CHCTeMBbI OXpaHbl 
Tpyla B IIPOW3BOJICTBCHHBIX YCJIOBHAX. B 4acTHO- 
CTH, HCCIICQOBaHbI MpoOOeMbI OLleHKH Wpodeccu- 
OHAJIbHbIX PHCKOB UH ylupaBleHua uMu. IIpupBere- 
HbI Pe3yJIbTaTbI CpaBHUTeIbHOrO aHasIM3a Tpore- 
Typ CilelMasIbHOU OIeCHKUM yCIOBUM Tpyya U OLeH- 
KH Tpod@eccHOHasIbHbIX PHCKOB. 

[leib pabomvel — co3yaHue COBPpeMeHHOHM MeTO- 
JMKU yiIpaBlIeHuaA OXpaHOnw Tpya C UCIOJIb30Ba- 
HHe€M aBTOPCKOM MOeIM OWeHKH mWpodeccno- 
HaJIbHOro pucka. JlaHHad 3aada pelllaeTca B pam- 
Kax aHasIW3a MaTpHIIbI PHCKOB B CHCTeMe KOOpAH- 
HaT «BepOATHOCTbh COObITHA — MOCIIeCTBUA CO- 
ObITHA». OTIM4HeM pacueTHOH MOZeIM, Wpesa- 
TaeMOH aBTOpaMH, ABJIACTCA IIPpHMeHeHHe KOId)- 
(pHIIMeHTa TpexOTBpalleHua OMacHocTu Kn. Ta- 
KOM MOAXOA WO3BOJIACT YHCCTb CpeACTBA 3alI[MTHI 
WM TaKHM 00pa30M OLCHHTb YpOBHH PHCKOB Oolree 
JIOCTOBepHO. 

Mamepuanol u memoooi. IipoaHanu3upoBaH o60- 
IUMpHbIM dbakTH4YeCKHH MaTepuall TO cTaTHCTHKe 
HeCUacTHbIX CJly4aeB Ha Wpon3BocTBe. Ha ocHo- 
Be TOJIYYCHHbIX JIAHHBIX pes IOKeH CHCTeEMHbIM 
HOUXO, K OWeHKe WpodeccuoHaIbHOrO pucKa Ha 
IIpeIMpUATHAX MaJIOrO MU cpeyHero Ou3Heca. Pa3- 
paOotaHa 9pdekTuBHad U ajleKBaTHad PeasIbHOCTU 
MOJI@JIb aHalu3a WpodeccuoHalbHoro pucka, 
yHoOHad C TOUKM 3peHHA ee MpakTMYeCKOrO Mpu- 
MeHeHHA. 

Pe3ylbmamoi ucciedoeanus. B  lpelcraBsIeHHou 
Hay4HO-HCCIIeOBaTeIbCKOM padoTe OOOCHOBAHBI Oa- 
30BbIle 3JICMCHTbI MeTOAMKH OLeCHKH pucKa, B TOM 
YqUuCiIe MaTPHYHAad MOJIesIb, MOSBOILAFOMIAT ONepaTHBHO 
M Hajle@xKHO OCHHTb TOTeHIMaIbHbIe mpodeccuo- 
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Introduction. The article outlines current issues 
of improving the occupational safety system at 
enterprises of the Russian Federation. In particu- 
lar, the problem of occupational risks assessment 
and organization of their management are con- 
sidered in detail. The article provides the results 
of the comparative analysis of the procedures for 
the special assessment of work and occupational 
risks. 

The aim of the work is the development of a 
modern method of occupational safety manage- 
ment with the use of the authors’ model of occu- 
pational risk assessment. This problem is solved 
in the framework of risk matrix analysis in the 
coordinate system "event probability - conse- 
quences of the event". The peculiarity of the 
model proposed by the authors is the use of the 
danger prevention coefficient Kn. This approach 
allows taking into account the means of protec- 
tion and thus assessing the levels of risk more 
reliably. 

Materials and Methods. Based on the analysis of 
extensive factual material on the statistics of in- 
dustrial accidents, a systematic analytical ap- 
proach to assessing occupational risk of person- 
nel at small and medium-sized enterprises is 
proposed. An effective and real model of occu- 
pational risk analysis is developed, characterized 
by the convenience of its implementation in 
practice. 

Results. In the process of carrying out the re- 
search, the basic elements of risk assessment 
methodology are substantiated, including matrix 
model that allows us to quickly and reliably es- 
timate potential occupational risks of the enter- 
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HaJIbHbIe PUCK TepCOHasia Ha KOHKPeTHBIX padoux 
MecTax. B pe3ysIbTaTe 9KCIIEPHMCHTAJIbHOM MpOBepKU 
B YCJIOBHAX JeEMCTBYFOIWero pes IpHATHA 39Ta MeTO- 
TuKa WOKa3asla YOBICTBOPHTeJIBHYIO CXOJIMMOCTb C 
JIAHHbIMH TIpOU3BOACTBEHHOM TpakTHKH. 

OOdcyxKTeHve UW 3akOUeHHe. B pe3ylbTaTe IIpoBe- 
JICHHOK padOoTbI WosyueHa Hay4HO OOOCHOBaHHad U 
TeXHHYeCKH pealM3yeMad Ha TpakTuKe MeTOMKa 
OL|eHKH MpodeccwoHabHoro pucKa. Ee Wcrosb30Ba- 
Hue B TPOW3BOJCTBCHHBIX YCIOBHAX OyyeT cioco0- 
CTBOBAaTb MOBbILIeCHHEO 3()(eEKTHBHOCTH MeporlpusATu 
110 OxpaHe Tpyzia. 

Ku1104ueBble CIOBa: MpOM3BOJICTBeCHHbIN TpaBMa- 
TH3M, CllelMalIbHad OMeHKa yCHOBMM Tpya, cu- 
cTeMa yupaBJIeHHuA OxpaHOW Tpya, mupodeccuo- 
HaJIbHbIM PUCK, MOJ.eJIMpOBaHHe. 


Beedenue. Oxpava Tpya Ha COBPeMeHHBEIX pel 
IIPHATHAX IIpeACTaBILAeT COOOM CIIOXKHbIM KOMIMJICKC 
B3aHMOCBA3aHHbIX  OplraHv3all|MOHHO-TeXHH4eCKUX 
MepONpHATHH, HallpaBJICHHbIX Ha YJTy4eHve ycJIo- 
BUM WpodeccHOHAaIbHON JICATCJIbHOCTH C IIeJIbEO CO- 
XpaHeHHA 3,0PpOBbA COTPyHUKOB. CHCTeMHbIM aHa- 
NMTMYeCKHH ~TOXO K y4ery HW pacciieyqOBaHHrO 
HeCYaCTHbIX CJly4aeB TPHHHMaeT BO BHHMaHHe OT- 
HOMICHHA IJICEMCHTOB, KOTOPbIe B3AMMOJICHCTBYIOT B 
lipeyjeywax OOMeH WporpaMMBI Oe30racHocTH [1-4]. 

B cooTBeTCTBHH C TPHHIWMNaMu CHCTeMHOrO aHa- 
3a JKOOOM (akTOp, MOTeHIWMasIbHO OMaCHbIM JIA 
TlepCcoHasia, MO%KeT ObITb OTHECeH K OJHOM 3 TATU 
oOslacTei, IIpeqCTaBJICHHbIX B Taou. 1. 


prise personnel at specific workplaces. The de- 
veloped methodology was tested in small enter- 
prise, which showed satisfactory convergence 
with practical materials. 

Discussion and Conclusions. The obtained re- 
sults represent a scientifically substantiated and 
technically practical method of assessing occu- 
pational risk. The introduction of this develop- 
ment at small and medium-sized enterprises will 
definitely contribute to the improvement of labor 
protection. 


Keywords: occupational traumatism, special as- 
sessment of working conditions, small and me- 
dium-sized enterprises, OSH management sys- 
tem, occupational risk, modeling. 


Introduction. Occupational safety at modern en- 
terprises 1s a complex set of interrelated organiza- 
tional and technical measures aimed at improving 
the conditions of professional activity in order to 
preserve the health of employees. A systematic ana- 
lytical approach to the accounting and investigation 
of accidents takes into account the relationships of 
elements that will work together within the general 
security program [1-4]. 

In accordance with the principles of system anal- 
ysis, any factor potentially hazardous to personnel 
may be assigned to one of the five areas presented in 
Table. 1. 


Taosutta | 
Table 1 


OOacTu onacHocTH 
Areas of danger 


OnacHOcTB 
Danger 


Matepnaiisi 
Materials 


Oodopy0BaHue 
Equipment 


Matyi, Me- 
X@HM3MbI, WH- 


2KYJIKOCTH (KHCIJIOTI, Ie- 
NIOUH, TOKCHYHBIe COeIMHE- 
HUA), TBeEpJIbIle YaCTUIIBI 
(IpeBeCHHa, MeTasII, WwIact- 
Macca), ra3bl (OrHeOHacHble 
V1 B3pbIBOOIaCHbIe 
COeMHeHHs) 
Fluids (acid, alkali, toxic 
compounds), particulate mat- 


Ip. yCTpou- 
CTBa 


Machines, 
mechanisms, 
tools and de- 


Cpeya 
Environment 


Ulym, BuOpaina, 9Kc- 
TPeMaJIbHble 3HaYeHHA |PYKOBOJIMTeIIM,| HOCTH, IpOrpaMMBIl, 
CTPYMECHTHI H | TeMIepaTyp, COCTOAHHe | KJIMCHTHI, M10- 
BO3AYIUHOUW CpeIbl, 9p- 
TOHOMMYeCKHe XapakTe- 
pucTuku padouyero 


Notse, vibration, extreme 
temperatures, air envi- 


Cuctema 
Oe30NacHOCTu 
Safety system 
CotpyaHuku, | IlommrTuKka Oesorac- 
IIIaHbI, MpOleccsl, 
IIpOWeypbI U MeTO- 
Iibl UX peasM3alnu 


CTOpOHHHe 


Employees, 
managers, 
clients, others 


MectTa Security policy, pro- 
grams, plans, pro- 


CeSSES, procedures 


ter (wood, metal, plastics), 


gases (flammable and explo- 


sive compounds) 


vices 





gonomics characteristics 


ronment condition, er- and methods of their 
realization 


of a workplace 
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OcHOBHad I[eJIb CHCTeMbI Oe30NacHOCTH Tpyza 
— lpelyupexyeHue HecuacTHbIx ciryyaes. Ilona 
ONaCHOCTbIO MOHHMaeTCaA ycOBMe, COOBITHe HIM 
OOCTOATEIBCTBO, KOTOPble MOryT TIpuBecTH K He- 
3allIaHUpOBaHHbIM He%*KeWaTeIbHbIM IOCJIeICTBU- 
AM WJIM CHOCOOCTBOBaTb MM. Llenb uqeHTuduKa- 
IMM OWacHOCcTeH MU pa3spaoOoTKH TporpaMM ypaB- 
NeHuA MMU — CylewaTb padboyee MeCTO UH TIpoHn3- 
BOJICTBCHHbIe ONepallMH HaCTOJIbKO Oe30MaCHbIMH, 
HaCKOJIBKO 3TO BO3MO2KHO. 

CrielvasibHad Ol[eHKa ycuIOBUH Tpygqa (COYT) 
— 93TO IIpollesypa, MO3BOUAIOMIAaA COCTABUTb OOB- 
CKTHBHOe TpescTaBsieHve OO MMerFOIIMXcaA UM T0- 
TCHUMAIbHbIX TpodeccHOHasIbHbIX pucKax. B 
HacTosllee BPeEMA CPOPMUpOBaHa CuCTeMa rurue- 
HHYeCKON OLeCHKU MWpodeccuoHalbHoro pucKka. B 
YacTHOCTH, pa3pa0oTaHBI: 

— MeTOJMKa 10 OLeHKe PHCKa JIA 30POBbA 
paOOTHHKOB; 

— TIpolleqypa rurveHuyeckon OLeHKU (akTO- 
poB padouel cpeybl, TKeECTH HU Hallps»KeHHOCTU 
TpyOBOrO Wpolecca 10 MOKa3aTeuAM BpeHOCTU 
MW OMacHOcTy; 

— CaHUTapHo-3sTIMyeMnMOOrMyecKkHe TpeOoBa- 
HUA K TMTMeCHMYECKON OIeHKe yCJIOBHU Tpya pu 
paccieqoBaHHu cilydaeB Mpod@eccHOHaJIbHbIxX 3a- 
OomeBaHuH [2]. 

CireytyeT yTOUHUMThb, ITO JeEMCTBYIOIad Ipore- 
mypa COYT we mpegqnonaraer KOMIUIeKCHOM 
OLl[CHKH WpodeccnoOHasIbHOroO pHcKa. ITO JIMILIb 
NepBOHAYaJIbHbIM ITAM, KOTOPbIM MO3BOAeT OLe- 
HHTb YCHOBHA Toya UW PYHKIMOHAIbHOe COCTOS- 
Hie paooTHHKa, UCXO 43 ypOBHeM (u3n4ecKHX, 
(DH3MKO-XUMUH4eCKHX, IPrTOHOMHYeCCKHX HM HHbIX 
BO3eCHCTBHM. Kputepun mpexzctaBiatoT codon 
IOpOroBble YPOBHH BO3JJeEMCTBUM (akTOPOB pado- 
yeH cpebl HU TpyqoBoro mporecca. CpaBHenue 
9THX YpPOBHeH c dakTHM4eCKHMH TOKa3aTeJIAMu 
JJaeT BO3MOX%KHOCTb OMCHUTb CTeMeHb OMacHOCTH. 
Ha MHOrnx TpoOu3BOJICTBax COTPyHUKU MOBep- 
TaroTCA HeOWarOMNpHATHBIM BO3CEHCTBUAM ITyMa, 
vHppa3Byka, BHOpawun ump. Onnako ycuIOBuA 
Tpyjja Ha TakKHxX paOoux MeCTAaXx MOTYT OBITb OIe- 
HeHbI Kak JIOIYCTUMBbIe, CJI€COBaTeJIbHO, Mepo- 
IIPHATHA TO CHWKCHHIO PHCKOB UW TpaBMaTH3Ma 


pa3pa0aTbIBaTbca He OyyyT [5-7]. B 9ToH cBa3u 





The main purpose of the occupational safety 
system is the prevention of accidents. Danger 
means a condition, an event, or circumstance that 
can lead to or contribute to unintended adverse 
consequences. The purpose of hazard identifica- 
tion and risk management programs is to make 
the workplace and production operations as safe 
as possible. 

A special assessment of working conditions 
(SAWC) is a procedure that allows creating a 
fair view of the existing and potential occupa- 
tional risks. Currently, a system of hygienic as- 
sessment of occupational risk has been formed. 
In particular, the following has been developed: 

- methodology for assessing the risk to 
workers ' health; 

- procedure of hygienic assessment of factors 
of working environment, hardness and stressful- 
ness of the work process in terms of harm and 
danger; 

- sanitary and epidemiological requirements 
for hygienic assessment of working conditions in 
the investigation of cases of occupational diseas- 
es [2]. 

It should be clarified that the current SAWC 
procedure does not involve a complex assess- 
ment of occupational risk. This is only the initial 
stage, which allows you to assess the working 
conditions and the functional state of an employ- 
ee, based on the levels of physical, physical- 
chemical, ergonomic and other effects. Criteria 
represent threshold levels of the influence of fac- 
tors of working environment and labor process. 
A comparison of these levels with actual indices 
makes it possible to assess the degree of hazard. 
In many industries employees are exposed to the 
adverse effects of noise, infrasound, vibration, 
etc. However, the working conditions in such 
workplaces can be evaluated as allowable, con- 
sequently, the measures to reduce risks and inju- 
ries will not be developed [5-7]. In this regard, 


we believe it is necessary to improve the current 








ouaraeM HeEOOXOJMMBbIM COBepIIeCHCTBOBAaTb eH- 


CTBYIOLLYIO CHCTeMY OXpaHBbI Tpya. 

Mamepuazoi u memoovi. OCHOBOM UCCJIeOBa- 
HUM MOCIYKWIM MaTepHalbl DezepasIbHON CILyxK- 
ObI rOcyjapcTBeHHOM CTATHCTHKH, Hay4yHble paovo- 
TbI POCCHHCKUX ClielMaIMCTOB B cdepe Oe3ornac- 
HOCTH 2KH3HECATCUBHOCTH, a TaKxKe OTUCTHI NOI- 
pa3qeuIeHui 10 OxpaHe Tpyla IpeANpuATHM Masio- 
ro HW cpeyqHero Ou3HECAa. 

Jina MOUyYeHUA JOCTOBEPHbIX OL[CHOK YpOBHA 
Oe30MacHOCTH YyCIIOBUH Tpya UCIOUb30BaJIMCb 
COBPeMeHHble TeOpeTHueCKHe MU IKCHeCPUMeHTAIIb- 
HbIe MeCTOJIbI: CHCTCMHbIM aHaJIM3, MeETOJbI MaTe- 
MaTH4eCKOH CTaTHCTHKH, KOMIMbIOTepHOe MOI e- 
MpoOBaHHe, ayMT padounx MeCT, CHHTe3 Pe3yYJIb- 
TaTOB, BepuduKalluA TEXHOJIOrMH OLCHKH B Mpo- 
U3BOJICTBCHHBIX YCJIOBHAX. 

Pe3ylbmamobi ucciedoeaHus. B oTe4eCTBeEHHOU 
liIpakTuKe HanOoslee pacimpoctpaHeHsl (60 %) 4e- 
TbIpe MIPWM4YHHbI HeCYaCTHBIX CyYaeB CO CMep- 
TeJIbHbIM HCXOJIOM (puc. 1). 





system of occupational safety. 
Materials and methods. The basis of the re- 


search was the materials of the Federal State Sta- 


tistics Service, the scientific work of Russian 
specialists in the field of life safety, as well as 
the reports of the departments for occupational 
safety of small and medium-sized businesses. 

Modern theoretical and experimental methods 
were used to obtain reliable estimates of the level 
of safety of working conditions: system analysis, 
methods of mathematical statistics, computer 
modeling, audit of workplaces, synthesis of re- 
sults, verification of assessment technologies in 
production conditions. 

Research result. In domestic practice, the 


most common (60 %) are four causes of fatal ac- 


cidents (Fig. 1). 


HeyOBJIeTBOpUTeIbHad Op- 
raHv3alluA MpOU3BOICTBeCH- 
HbIX paooT 
HapylleHve mpaBul Opo%x- 
HOrO JIBMKeHHA 
HapylieHue pa0oTHHKOM 
TpyJOBOrO pacnopsyKa u 
JMCIMIJIMHBI Toya 


TexHomorwueckue HW TeEXHO- 
TeHHble (akTOPbI 


Poor organization of 
production work 


Violation of traffic 
rules 
Violation of the em- 
ployee's labor regula- 
tions and labor disci- 
pline 
Technological and 
technogenic factors 


Other causes classified 
according to the mate- 
rials of accidents in- 
vestigation 


Vubie TipH4unHubl, Kiaccu@u- 

I[MPOBaHHble 110 MaTepHasiaM 

paccjleqOBaHHad HeECuaCcTHBIX 
cry4aeB 


Puc. 1. [Ipwuuusr HecyacTHBbIx Cily4aeB CO CMePTeJIbHbIM HCXOJIOM B Poccun (7aHHble 3a 2016 ron) 


Fig. 1. Causes of fatal accidents in Russia in 2016 


yTo 53% 


V3 
HeCUACTHBIX 2Ke CryyaeB ee OOYCIIOBJICHbI TIpv4nHaMu 
ee OpraHv3al[MOHHOro XapakTepa UH YeIOBe4eCcKUM (pak- 
TOpoM. M13-3a HM HeyOBJICTBOPHTeJIBHON ee OpraHH3a- 
IMM 2Ke MpOW3BOJICTBa He paoor Jia B 2016 Hy roy %*e 
TIpowsoiey Ke MOUTH MexK Ka@KIbIM BO TpeTHl 
HecyacTHbBI Ke cryyaw (32%). I[puuunamu 7 % 


aHaJIW3a JWWarpaMMbi Clieylyer, 


HeCUACTHBIX Ke CJly4aeB 2Ke CTAIM TeXHOJIOrM4ecKue U 
TeEXHOreHHble (paKTOPBI. 

IIpopeqeHHbIM aBTOpaMM aHasIv3 MO3BOJIMJI yCTaHo- 
BUTb, UTO B CpaBHeHHun Cc COYT WHCTpyMeHTHI OL[CHKU 
TpodeccHOHasIbHbIX PHCKOB OOaqakOT pxAIOM Iipe- 
MMYIIeCTB: OHH OOsIee NPOCTHI B MCIOJIb30BaHHH VU TIpu 





From the analysis of the diagram it follows 
that 53% of accidents are caused by the organ- 
izational reasons and human factor. In 2016 
almost every third accident (32 %) occurred 
due to poor organization of work. The causes 
of 7% of accidents were technological and 
technogenic factors. 

The analysis carried out by the authors al- 
lowed them to establish that in comparison 
with SAWC the tools of occupational risk as- 
sessment have a number of advantages: they 


= 








HeEOOXOAMMOCTH MOryT WOpadaTbIBaTbCA C YUCTOM KOH- 
KPeTHBIX yCJIOBHM Tpya. KpomMe Toro, Kak IIpaBHio, 


IIPHMeHeHHe paccMaTpHBaeMOro HHCTpyMeHTapHaA He 
TpeOye? CielMasIbHbIX TEXHHYCCKUX 3HAHUH UW BbICOKOM 
KBaIM@uKaluu: JOCTaTOUHO KpaTKOBpeMeHHOrO Oby- 
YeCHHA CilelMaIMCTOB MW PyKOBOJMTeIeH cpeHero 3Be- 
Ha. CucTeMa yiipaBsIeHHA mpodeccHOHaJIbHbIMH PUCKa- 
MU H300parKeHa Ha pic. 2. 


are easier to use and, if necessary, can be up- 
dated taking into account specific working 
conditions. In addition, as a rule, the use of 
tools does not require special technical 
knowledge and high qualification: short-term 
training of specialists and middle managers 1s 
enough. Figure 2 shows professional risk 
management system. 


Determination of factors of professional influence caused by 


the production process and the degree of harmfuiness and 


Onpegenexnue daxtopos npodeccuonanbxoro Boagevicrann 
O6YCNOBNEHHEX NPOMIBOACTBeHHeIM MPOUeCCOM H CTeneHbIO 


Dopmuposarnue ciparervut \\ é — 


6 obnactn oxpaxne: Tpyga 





danger 

BPeAHOCTH HM ONacKOCTH Minimization of occupation 
al safety cost and production efficiency 
improvement 


MvHMMu3auMA 3aTpat Ha 
OXpPaHy TeyAa 4 NOBRWwEHHe — 


Strategy formation in the field | s}pexTHBHOCTH 
occupational safety li g NpONSseOACcTea = / 
a 8 A@ coyvr “ 
— \ ' = 1. (SAWC) /» 
/ 5.¢Control) ff \ 
KonTpone . 
Cuctema = 
Maxkcamannwo Geictpoe | na, ie La 
NpunaATHe _*& _ | ™ Yipaanewtr ’ ( 2) ‘ 
, | ($s) NPOPECCHOHANbHeAMat a OKCNEPTHAR OUSHKS 
HG asia ee = puckamu . Ouenxa npodeccwOHanbHEx 
Ai 7 Occupati is pecKos ¢ Nocnegyrouym 
7 cupational | Npodpwckos | 
Hey AOSNeTBOpHTenbHoro \ 4 Sas > * riskman agement “ 2 (Assessment : PSarxXH POBSHHEM 
pesyrerare vf 4 Monitoring syceeny/ _. of occupational no ctenenw onacHocTn 
Monnropemr a > / (a) VA ~ 
Cowective measures to be taken as . (4) /, Ww Vee) 
fast as possitve in caseof unsatisfact * — ™— // Cocraenenne “o 7 
ovy results < . / / ra6neu > 
“S npodpucxos ~~ 
Nocronaxmem chop wehopwauyn ~ boop ~ rppotadeneeys oo Involvernent of personnef 
Cc nocneg you .\ - EMR, in the process of occupational 
COB@PWeHCTBOBaHKHeM CHCTEME \ 3. (Creation of tables ati niskmanagement as sessment 
' of occupational risks) npodecc#toKanbHemmn 
= — PuCKamMu 


Continuous coflection of information with 
further improvement of the management system 


Puc. 2. Cuctema yipaBieHua IpodeccHOHasIbHbIMH PUCKaMU 


Fig. 2. Occupational Risk Management System 


OleHKa MO3BOIAeCT IPOBeEpHTb, He MpeBbIaroT 
NH PHCKH JOMYCTHMBbIM ypoBeHb. B HacrToattee 
BpemMa B Pocculickouw Dexepaluu HeT COriacoBaH- 
HbIX KPHTepHeB OI[CHKH IIPWeMJIEMOCTH PHCKOB 
IIPOH3BOJCTBCEHHOrO TpaBMaTH3Ma. UTOObI coctTa- 
BUTb IIpeqCTaBsleHHe O MOTCEHUMAaIbHOM OMaCHOCTH, 
IIPHMeHAKOTCA Takuwe OOOONICHHbIe MOKa3zaTesNU, 
Kak: 

— YpOBeHb TpaBMaTH3Ma Ha IIpOH3BOJICTBe, 

— KOJIM4eECTBO 4eIOBeKO-JHeH HeTpyOci0co6b- 
HOCTH B pacyeTe Ha OJHOFO MocTpaaBillero, 

— T10Ka3aTeJIb IIPOM3BOACTBCHHOTO TpaBMaTH3- 
Ma CO CMepTeJIBHbIM HCXOJIOM HT. J. 

JJaHHble CBeJCHHA IO3BOJIAKOT CpaBHHBaTb CH- 
TyalMtoO 10 OTpacIAM JIMOO 110 BUaM IKOHOMHYE- 
CKOM JJeaTeJIbHOCTH. OHaKO 110 HUM HEBO3MO2%KHO 


CYHMTb O IIPWeMJIeEMOCTH UIIM HelmpveMJIeMOcTu 
IIpOdeccHOHAIIBHBIX PHCKOB, OICHHBaTb YPOBCHb 
ONacHOCTH (PakKTOPOB TpaBMaTH3Ma, HU 9TO TIpenAT- 
CTBYeT pa3paOoTKe UM peasIM3allMu aJ[eKBaTHbIX Mep 





The assessment allows us to check whether the 
risks do not exceed the allowable level. Currently, 
there are no agreed criteria for assessing the ap- 
plicability of occupational injury risks in the Rus- 
sian Federation. In order to gain an understanding 
of the potential hazards, the following generalized 
indices are used: 

- the level of injuries in the workplace, 

- number of man- days of incapacity for work 
per one injured person, 

- index of fatal occupational injuries, etc. 

These data allow us to compare the situation by 
industry or by type of economic activity. However, 
it is impossible to judge the acceptability or unac- 
ceptability of occupational risks, to assess the level 
of risk factors of injury, and this prevents the devel- 
opment and implementation of adequate protective 
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3alluTbI. Hyoke ipuBeyeHa CpaBHuTesIbHad TaOsMIa measures. There is also a comparative table for two 


yByx mpouentyp: COYT u ovenku mpodeccnoHalib- procedures: SAWC and occupational risk assess- 


HbIX PHCKOB. ments. 


Tadmmuua 2 
Table 2 
CpaBHeHue mpouenyp COYT u olfeHku MpodeccuOHasIbHbIX PHCKOB 


Comparison of SAWC procedures and occupational risk assessment 


CrreliMasIbHad OIeCHKAa YCJIOBMU Tpya OeHka IpodeccvOHasIBHbIX PHCKOB 
Special assessment of working conditions Occupational risk assessment 
Durnenuyeckad O1eHKa YCJIOBMH Tpyya (“HcTpy- | KosmuecTBeHHad Ol[eHKa PHCKOB IIpH4nMHeHuA 


MCHTAJIBHbIe 3AMeEPbI KOHKPCTHBIX IPOM3BOJICTBCH- Bpela 3OPOBbrO 
HbIX (PAKTOPOB HU pacueT KIacca ONacHOCTH) Quantitative assessment of health risks 


Hygienic assessment of working conditions (instru- 
mental measurements of specific production factors 
and calculation of hazard class) 
IIpopepsetca KOHKpeTHOe padouee MecTO IIpopepsetcs B LesIOM JIeATCJIBHOCTb padoTHH- 
The specific workplace is checked Ka C TOUKH 3peHuA OMaCHOCTH, KOTOPOHM OH 
WoyBepraetca 
Worker’s activity from the point of view of haz- 
ard to which he is exposed is checked in gen- 
eral 
Pa3pa0oTKa MeponpuaATHH 10 CHYDKEHHIO BO3eH- YipaBsleHve pucKaMHu, pa3padorTka IIpo- 
CTBHA OMaCHBbIX MH BPeHbIX IPOM3BOJCTBCHHbIX TpaMMBbI MepOlpuvATHH 110 yiIpaBsIeHHtoO 
(paKTOPOB puckaMH, KOppeKTUpoBKa HU pa3padoTKa 60- 
nee 3((eCKTHBHBIX Mep MO CHW2KCHHEO PHC- 
Development of measures to reduce the impact of KOB H 3allMTbI OT HUX 
hazardous and harmful production factors Risk management, development of a pro- 
gram of measures for risk management, ad- 
justment and development of more effective 
measures to reduce risks and protect against 
them 
IIpopoqutca OXHH pa3 B 5 eT IIpoBpoautcsa exkerogHO WIM 10 Mepe Heob- 
XOJIUMMOCTH 
Held once every 5 years 
Held annually or when necessar 
IIpopogutcs chelMasM3upoBaHHon opranu3anuen | I[poBpoqutTca camuM TpesIpnATHeM (CIryxK- 
Oo OxpaHbl Tpya) 





Is carried out by a specialized organization Is carried out by the enterprise (occupation- 
al safety and health division) 

JIuia OlleCHKM TpodeccuOHasIbHbIX PHCKOB KpH- In order to assess occupational risks, the crite- 
TepHU UX IIPHeEMJIEMOCTH CpaBHMBalOTCA C Pe3YIIb- ria for their acceptability are compared with the 
TaTaMu aHau3a. IIpeqcTaBieHHbit WOAXoO mper- results of the analysis. The presented approach 
WoularaeT HasIM@4ve JOCTOBepHbIX CTATHCTH4eECKUX assumes the availability of reliable statistical data 
JJAHHBIX O BO3MO2KHBIX JIMCKPeCTHbIX 3HAYCHUAX on possible discrete values of damage and on its 
yluepOa WU O ero BepoOsATHOCTH. OHaKO B HacTos- probability. However, such information is cur- 
lee BPDeMA TaKad MHMOPMallMA OTCYTCTBYEeT. rently lacking. 

AHaM3 MeTO.MK pucka [8-11] No3BomAeT pe- The analysis of methods of risk [8-11] allows 
KOMCH]OBaTb JIA MpakKTH4YeCKOrO BHepeHuA Ha us to recommend security matrix for the occupa- 
IIpeMpHATHAX MasIOrO HW CpeyzHero Ou3HeECAa MaT- tional safety for practical implementation at 
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pully OesomacHocTH 10 OxpaHe Tpya. ITa MOesIb 
OCHOBaHa Ha MaTPHIle PHCKOB B CHCTeMe KOOpJIN- 
HaT «BeCPOATHOCTb COObITHA — TOCIIeCACTBUA CO- 


ObITHA» (puc. 3). 


OxeHb 4acTO 
Veryoften 5 


Probability of the event 


OvueHb penKo 
Veryrarely 2 


BepoaTHocTb coObitun (P) 


small and medium-sized enterprises. This model 
is based on the risk matrix in the coordinate sys- 
tem "probability of existence - consequences of 
the event" (Fig. 3). 





Nocnegctsua coobitua (S) 


OueHb 


nerkue 
Verylow 4 


Low 





fNlerxue 


Consequences of the event 


OueHb 


TraxKenble 
Veryhigh 5 


SHaun- 


TenbHbIS 
Significant 4 


CpeaHen 


TAOKeECTH 
Medium 3 





Puc. 3. Marpnija omenku pucKkos: OHP — ouenb Hu3Kun puck; HP — Hu3kui puck; CP — cpeaqHuit puck; BP — 
BbICOKHUM puck; OBP — oueHb BBICOKHM PUCK 
Fig. 3. Risk assessment matrix: OHP is a very low risk; HP is a low risk; CP is the average risk; BP is a high risk; 
OBP is a very high risk 


TakuM 00pa30M, BepOATHOCTH HW MOCIeCACTBUAM 
He*KeMaTeIbHOrO WIM OMACHOTO COObITHA YCIIOBHO 
MOXKHO IIPHCBOUTb OJHY W3 MATH KaTeropuu: Mu- 
HMMalIbHad, HU3Kad, CpeJIHAA, BbICOKaA HW MaKCH- 
MaJIbHad. ITHM KaTerOPpHAM TMPUCBanBaloTCA CO- 
OTBETCTBYIOMMe IBeTa OMaCHOCTH WIM OaliIBl, 
Halpumep, oT | zo 5S. 

Besmunua pucka (R) onpeyemsetca 10 Popmy- 
me: 

R=PxS, 

rye P — kooduunenHT BepOATHOCTH COOBITHA; 
S — xoodunnenT WocwesqCTBUA COOBITHA. 

Pucky Tak?Ke YCJIOBHO MO2%KHO IIPHCBOUTb OJJHY 
M3 IATH KaTeropHi: MMHMMAJIbHbIM (O4UCHb HH3- 
KM), HU3KUH, CpesJHHH, BBICOKMM WM MaKCMMalIb- 
HbIM (O4eHB BBICOKHM). JlomycTHMbI HW3KHH U 
YMepeHHbIM PUCK, OAHAKO B TMOCcIeqHeM ciry4yae 
HeOOxXOJMMO HPOBOXHTb TOCTOAHHbIM MOHUTO- 


puur. IIpu cpeqHem ypoBHe pucKa opraHn3alnu 
HeOOXOJMMO 3allIaHHpOBaTb MepOrlpuATHA 0 ero 


Thus, the probabilities and consequences of 
undesirable or dangerous activity can be condi- 
tionally assigned to one of five categories: mini- 
mum, low, medium, high and maximum. These 
categories are assigned to the appropriate color 
of danger or marks, for example, from | to 5. 

The risk value (R) is determined by the for- 
mula: 

R=PxS, 

where P is the probability of the event; S is 
the coefficient of the consequences of the event. 

Risk can also be conditionally assigned to one 
of five categories: minimum (very low), low, 
medium, high and maximum (very high). Let us 
assume that the risk is low and moderate, but in 
the latter case, it is necessary to carry out contin- 
uous monitoring. At the average level of risk, the 
organization should plan actions for its reduction 
and specify terms of their accomplishment. High 








CHYW?KCHHIO HW OOO3HAYHTb CDpOKW WX BbITIOJIHCHMA. 


BsicoKuH puck Heyonyctum. Uroosi cBecTH ero K 
IIPHCMJIEMOMY YPOBHIO, TpeOyeTcaA 3HaYHTeJIbHO 
NMOBbICHTb 3(MEKTHBHOCTH yipaBsIeHHA PUCKaMH. 

OtTiM4neM lipeyiaraeMon aBTOpaMu pacueTHOH 
MOJIeIM ABJIAeCTCA TpWuMeHeHHe KoodduIMeHTa 
IIpeqOTBpalleHua OnacHocTu Ky, KOTOpbIM xapak- 
TepH3yeT CpeJCTBa 3allMTbI U WO3BOIACT OL[CHUTh 
YpOBHH pHCcKOB Oosee OCTOBepHoO. K, MOxeT 
MMeTb cCyleyyroumMe 3HayeHua: 0,1 BbICOKHM 
yYpOBeHb 3allMTHOrO dakTOpa (HeT HeEOOXOUMO- 
CTH B JIOMOJIHHTEJIBHBIX MePpOMpHATHAX TO OxpaHe 
Tpyia); 0,5 — cpeqHu ypoBeHb 3allMTHOrO (ak- 
Topa; 0,8 — HH3KHM ypOBeHb 3allMTHOrO (akTO- 
pa; | — 3amMTHbIe PakTOPbI OTCYTCTBYIOT. 

Jina KaxKOW mpodeccuu coctTaBlaeTcax coo- 
CTBCHHBIM IaH yipaBsieHHa puckaMu. B cilelu- 
aJIbHYHO pacueTHYy!0 TaOJIMILy 3AHOCATCA Pe3yiIbTAa- 
TbI OI[CHKM YPOBHA PUCKOB IO OxpaHe Tpya U xa- 
PaKTepHCTHKH 3all[MTHbIX PaKTOPOB (B TOM 4UCIIe 
Mep 3allMTbI MU CpeJCTB HHMBUAyasIbHOUW 3ally- 
Tb). Ha ocHOoBe 3THX JaHHBbIX OMpeesAeTCA KO- 
9PMUIMeEHT NpeOTBpAallleHuA OMAaCHOCTH HU pac- 
CUMTbIBACTCA 3HAYeHHE PUCKa: 

R=PxS x K,. 

Co3aHHad MOJeIb Oba OpoOdoBaHa B OOO 
«Musieposckoe XIIII» Ha padouem mectTe ctTap- 
mero Mactepa. Pe3yIbTaTbI pacueTOB BU3yaJIN3H- 
poBaHBbI Ha puc. 4. 
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risk is unacceptable. The reduction of it to an ac- 
ceptable level requires a significant increase in 
the effectiveness of risk management. 

The peculiarity of the calculation model pro- 
posed by the authors is the use of hazard preven- 
tion coefficient K,, which characterizes the 
means of protection and allows us to estimate the 
risk levels more reliably. K, can have the follow- 
ing values: 0.1 - high level of protective factor 
(there is no need for additional measures for oc- 
cupational safety); 0.5 - average level of protec- 
tive factor; 0.8 - low level of protective factor; 1 
- protective factors are absent. 

Each profession has its own risk management 
plan. The special calculation table contains the 
results of the assessment of risks levels of occu- 
pational safety and characteristics of protective 
factors (including protective measures and per- 
sonal protective equipment). On the basis of the- 
se data, hazard prevention coefficient is deter- 
mined and the risk value is calculated: 

R=PxS x K,. 

The created model was tested in LLC "Mil- 
lerovo cereal receiving station" on a foreman 
workplace. The calculation results are visualized 
in Fig. 4. 
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Puc. 4. CpaBHeHue ypoBHel pucka c KOIM@UNMeHTOM IIpeAOTBpallleHHA ONACHOCTH U Oe3 Hero 


Fig. 4. Comparison of risk levels with a hazard prevention factor and without it 
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Ec ypoOBeHb pucKa, paccunTaHHbIM 10 Mop- 
Mysle C y4eTOM Ky, yOBJIeETBOpAeT TpeOOBAaHUAM 
Oe30MacHOCTH, B WasibHeMMleM UCCIeqOBaHuH HET 
HeoOxoMMocTH. B MpoTHBHOM cJIlyyae cileqyer 
IIpOBeCTH HOBYyrO OIeHKy puicKa. J[ocTOHHCTBOM 
IIpeCTaBIICHHOH MOJeIIM ABJIACTCA BO3MO2KHOCTb 
OI[CHKM BCeX MOTCHI[MAIbHbIX COOBITHM IIpu pea- 
M3allMH JIKOOBIX BBIABJICHHBIX OaCHOCTeH Cc M0- 
MOI[bFO IIKaJIbI, CIMHOM JIA Oprann3alinn. 

OOcyxKieHne H 3aKIOUeHHA. IIpeniaraemaa 
CHCTeMa OI[CHKH YpOBHA PHCKOB BKJIFOUaeT KOM- 
IIeKc WOKa3aTesen: 

— olmpeyenmeHve BepOATHOCTH BO3],eHMCTBHA 
OlacHOU CUTyallMy; 

— OCHOBHOM (PakTOP MOBBILMIeCHHOrO PUCKa; 

— YpOBeHb pucKa Ha JaHHOM padoueM MECcTe. 

IIpocrota u yHoOcTBO aHHOM MeTOAMKH 1103- 
BOJIAFOT padoTaTb Cc He Kak cllellMasIMcTaM M10 
OxpaHe Tpya, TaK WU pANOBbIM COTPyJHiKamM, 
TIpomewIMM KpaTKOocpouHoe oOyyeHne. Mores 
IIpPHMeHUMa Ha POCCHMCKUX TIpesAMpuATHAX MasIO- 
ro H cpeyHero Ou3HeCca. 
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If the risk level calculated by the K, formula 
satisfies the safety requirements, there is no need 
for further investigation. Otherwise, a new risk 
assessment should be carried out. The advantage 
of the presented model is the ability to assess all 
potential events in the implementation of any of 
the identified hazards using a single scale for the 
organization. 

Discussion and conclusion. The proposed 
risk assessment framework includes a set of indi- 
ces: 

- determination of the likelihood of exposure 
to a hazardous situation; 

- the main factor of the increased risk; 

- the level of risk in the workplace. 

The simplicity and the convenience of this 
technique allow specialists in occupational safety 
as well as ordinary employees who have under- 
gone short-term training working with it. The 
model is applicable to Russian small and medi- 
um-sized enterprises. 
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COCTOAHHE MWPOHSBOACTBEHHOTO 
TPABMATH3MA B C@®EPE OKA3AHHA 
KOMMYHAJIBHbIX, WHEPCOHAJIBHBIX H 
COUMAJIBHbBIX YCJTIYT HACEJIEHHFO 


E. B. HTexuna, A. FO. Panaoizun 
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B cTaTbe paccMOTpeHBI IIpOOJIEMBI 
IIPOM3BOJICTBEHHOrO TpaBMaTHu3Ma B 
OpraHH3alMax,  OKa3bIBaFOWIMX HaceJICHHEO 


KOMMYHA@JIBHBIe, MepCOHAaJIbHble UW COIlMasIbHbIe 
ycuyrw. Yka3aHHad ciepa mpakTuyecku He 
uccileqyeTcad C TOUKH 3peHHA OXxpaHbI Tpysa, 
MOSTOMY ABTOPbI WpearatoT OpWruHalIbHyto 
MeTOJIUKYy aHasIu3a COCTOAHUA 
IIpOU3BOJ,CTBeEHHOrO TpaBMaTH3Ma TIpu 
OrpaHH4eHHbIX HCXOJHBIX JaHHbIx. B KayecTBe 
Oa30B0OH UHDOpMAalMH UCIOUIb30BaHbI UeTbIpe 
(DOpMBbI CTaTHCTHYeCKOM OTYeETHOCTUH O Cy4aAX 
IIpOWU3BOJ,CTBeEHHOro TpaBMaTH3Ma, 
lipeqoctapiaemble WeyepasbHOHW ciryKOOn 
rocyapcTBeHHOu CTATHCTHKH. Pe3yIbTaTbl 
IIPOBeJIEHHOrO = aHasIv3a CBHJICTEJIBCTBYIOT O 
JJOCTaTOUHO BbICOKOM YpOBHe 
IIpOHU3BOJ,CTBeEHHOrO TpaBMaTH3Ma u O 
HeOOXOJIMMOCTH YCHJICHHA OxpaHbl Tpya B 
paccmaTpuBaemoln cdbepe. 


Ku1r04ueBble CJIOBa: oxpaHa Tpyla, 
IIPOM3BOJCTBeCHHbIM TpaBMaTH3M, HeCuUaCTHBIe 
ciyuaw Ha TpOW3BOJICTBe, OKa3aHHe  ycCJIyr 


HaceJIeHHI0. 

Bpejenne. Xo3sacTByIoOluve CyOBeKTHI pado- 
TalOT B pa3JIM4HbIX Cbepax COBPeMeCHHOM 3KOHO- 
MUKH, 4TO TIpeqoupeyesaeT pasHooOpa3ue opra- 
(popM 
TEXHHUeCCKOH HU TEXHOJOrM4eCKON Oa3bi, MOTeEIeCH 


HH3al[MOHHO-IIpaBOBbIx lIpewupuATuH, 
ylupaBIeHua UW T. 1. Bce 3TO pe bABIAeT OMO- 
HHTeIbHbIe TpeOOBaHHA K BOIMpOcaM OxpaHBl 
Tpyqa, peryIMpoBaHnue B STON ciepe NOCTOAHHO 
YCHOXKHACTCA — B YaCTHOCTH, pacTyT TpedoBa- 
HHA K OTUeTHOCTH. Peryuupyrollve U Ha30pHbIe 
OpraHbl yAeIAIOT BCe OOJIbIIe BHUMAHHA BbIpa- 
OoTKe NOJMTHUKU UW CTpaTeruu B ciepe OxpaHBl 
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The article analyzes the problems of occupational 
injuries in the provision of public, personal and 
social services to the population. From the point 
of view of occupational safety this area 1s practi- 
cally not studied, so the authors offer an original 
method of analysis of the state of occupational 
injuries with limited initial data. Four forms of 
Statistical reporting on occupational injuries pro- 
vided by the Federal State Statistics Service are 
used as basic information. The results of the anal- 
ysis indicate a fairly high level of occupational 
injuries and the need to strengthen occupational 


safety in the examined field. 


Keywords: occupational safety, ooccupational 
injury, work-related injuries, provision of services 
to the population. 


Introduction. Economic entities work in vari- 
ous sectors of modern economy, which deter- 
mines the diversity of organizational and legal 
forms of enterprises, technical and technological 
bases, management models, etc. All this imposes 
additional requirements to occupational safety, 
regulation in this field has become increasingly 
complex — in particular, reporting requirements 
are rising. Regulatory and supervisory authorities 


are paying increasing attention to the formulation 
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Tpyia, WWaHUpOBaHHO COOTBETCTBYFOINeH pado- 
TbI HW TOJIBeJeCHUIO Ce HTOrOB Ha OCHOBAHHH TOU- 
HOU WU JOCTOBEpHOU CTATHCTHKM. 

Ilo qaHHbIM O*uWMaNbHOM cTaTHucTHKH [1], B 
P® Ha npotsxKeHnu ATH eT (2012-2016 rr.) 
WOKa3aTeIM IpOW3BOJCTBeHHOrO TpaBMaTH3Ma 
(IIT) cymjecTBeHHo He u3MeHuIIMCcb. Hanpumep, 
KOIMMUIMEHT THXKECTH TpaBM cocTaBIAI 49,4— 
47,4; kooddunuuent uacrotpr — 1,7—1,3. IIpak- 
THYeCKH HeEM3MeCHHbIM OCTaBaicaA HU KOOdMULH- 
CHT JIeTabHocTu (0,087—0,084). B To xe Bpema 
KOJIM4CCTBO PpaOOTHHKOB, KOTOPbI€ TPyJATCA B 
HeOJlarOMpWATHBIX YCJIOBHAX, MeJICHHO, HO 
HeYKJIOHHO BO3pactTaeT. 

OpueHTupysch Ha IIpHBeyeHHbIe Bbile Wud- 
pbI, clleytyeT YAIMTHIBATb, YTO OHH HE MOTYT UC- 
YeprlibiBarolle MpesCTaBHTb CHTYyallMIO C TpaBMa- 
TH3MOM B cCTpauHe. Jle0 B TOM, 4TO MDeepanbHaa 
ciyx0a rocylapcTBeHHOM cTaTucTuKH (PocctTar) 
coOupaeT U aHalM3upyeT aHHble O MOCcTpayaB- 
mux W WorMoOmmx Ha padOounx MecTax BbIOOpOoY- 
Ho. Jlo HeyaBHero BpeMeHH He OBI OXBadeHbIl 
HaOJIOeCHHUAMM HEKOTOPbIe BUbI IKOHOMHYE- 
CKOU JICATCIbHOCTH, B 4YACTHOCTH: (uHaHCOBad 
ccbepa, rocylapcTBeHHoe yiipaBsIeHve U OOecre- 
yeHHe BOCHHOM Oe30NacHOCcTH, OOpa30BaHHe, Je- 
ATCJIbBHOCTh IKCTCPPUTOPHAJIbHBIX OpraHu3allun 
uw gp. [2, 3, 4]. 

HayunHble padotb 00 oxpaHe Tpyla u O Ipe- 
MYUpexK CHUM MpOW3BOCTBeCHHOrO TpaBMaTH3Ma 
TakoKe B OCHOBHOM COCpexOTOYeHBI Ha UCCIIe0- 
BaHHU MpOW3BOJCTBCHHBIX yCJIOBUM. B Oonbiuter 
yacTH WyOMMKallu ONeCHUBAIOTCA HU CpaBHUBaloT- 
CA YCJIOBHA TpyAa B JOObIBaIOINeM HU XUMUYeECKON 
OTpacJIAX, MallIMHOCTpoeHuH,  MeTaJIyprun, 
CTPOMTeJIbCTBe, CeJIbBCKOM XO3AHCTBe, Ha 2Kele3- 
HOJOpOX%KHOM TpaHcropte [5-14]. Yyaanocs o6- 
HapyKUTb JIMUIb OFHY padoTy, MOCBAILLeCHHY!O 
aHaslu3y MaTepHasIbHbIX HM WMHBIX MOTepb OT TpaB- 
MaTH3Ma HU 3a00IeEBAaeMOCTH B OOpPa30BaTeJIBHOM 
yupexzeHun [15]. 

O HeaIbHOBUJHOCTH TOXOOHOM TpakTuKu 
CBUJICTCJIbCTBYIOT JIAHHbIC O KOJIMYECTBE JIFOTeH, 
paOoTaromux B OOsJIacTAX, ciaOo peycTaBsIeH- 
HbIX B COOTBETCTBYIOIIMX CTaTHCTHYeCKUX U 


HaYUHbIx OTYUCTax. 





of policy and strategy in the sphere of occupa- 
tional safety, planning appropriate work and re- 
view of its results basing on accurate and reliable 
Statistics. 

According to the official statistics [1], occupa- 
tional injuries figures (OJ) have not changed sig- 
nificantly in the Russian Federation for five years 
(2012-2016). For example, the injury severity rate 
was 49.4—-47.4; the frequency rate was 1.7 — 1.3. 
Lethal index (0,087—0,084) has almost remained 
unchanged as well. At the same time, the number 
of workers who work in unfavorable conditions is 
slowly but steadily increasing. 

Based on the above-mentioned figures, it 
should be borne in mind that they do not provide 
a complete picture of the situation of injuries in 
the country. The fact is that the Federal State Sta- 
tistics Service (Rosstat) collects and analyzes data 
on the injured and dead in the workplace selec- 
tively. Until recently, some economic activities 
were not covered by observations, in particular: 
the financial sphere, public administration and 
military security, education, the activities of ex- 
traterritorial organizations, etc. [2, 3, 4]. 

Scientific works on occupational safety and on 
occupational injuries prevention also mainly fo- 
cus on the study of working conditions. The ma- 
jority of publications evaluate and compare work- 
ing conditions in mining and chemical industries, 
mechanical engineering, metallurgy, construction, 
agriculture, railway transport [5-14]. We man- 
aged to find only one work devoted to the analy- 
sis of material and other losses from traumatism 
and injuries in educational institution [15]. 

The shortsightedness of such practice is evi- 
denced by the data on the number of people 
working in the fields poorly represented in the 
relevant statistical and scientific reports: 


- healthcare and veterinary science - more than 
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— 3][paBooxpaHeHue U BeTepuHapua — Ooslee 
3,5 MJIH 4eJIOBeK; 

— Hay4Had JexTeJIbBHOCTh — Oosee 710 THIC. 
YeJIOBEK; 

— yCJIyrv B ciepe HeBMHXKUMOCTH — MOUTH 
1,5 MJIH 4eJIOBeK; 

— WHopMallMOHHble TeXHOJOrUU U padota c 
BbIMHCIIMTeIbHOM TeXHUKOM — 102 ThIC. 4es0- 
BK; 

— IIpouve KOMMYHAJIbHbIe, MepCOHaJIbHbIe U 
COUMaJIbHbIe ycuryru — 478,5 Tic. YesoBeK [1]. 

VmMeHHO TOcIeqHAA U3 MepeyMCICHHbIX cep 
TpYOBOH JICATCJIbHOCTH CTajla TpeqMeTOM HC- 
CHeOBAHHA, Pe3yIbTAaTbI KOTOPOrO MpeyicTaBse- 
HbI B JAHHOM CTaTbe. 

Hoctanoska 3aqaun. [lepBoHayasIBHON 3aya- 
ye JJAHHOrO UCCHeOBAHHA OBI aHaIM3 COCTOS- 
HUA YCIOBUH Tpya WU IpOW3BOJCTBeCHHOrO TpaB- 
MaTH3Ma Ha IIpHMepe MYHHIMMasIbHOrO Ka3eHHO- 
ro yapexnenua (MKY) «MxHorodyHkuMoHalb- 
HbIM IeCHTp MIpesOcTaBJICHHA FOCyapCTBeHHBIX U 
MYHUIMMAaIbHBIX yCilyr ropoga Pocrosa-Ha- 
Jlony» (MOI Poctosa-Ha-Jlony). 

MOLI] B pexuMe OJHOFO OKHA IIpeOCTaBIIAIOT 
MYHUIMMaIbHbIe TOCYapcTBeHHble WU HHBIe 
YCJIYIM 110 KOHCYJIbTHPOBaHHIO, IIpHeMy U BBIa- 
ye JJOKYMCHTOB 10 3alpocaM 3aqBuTeen. Kpome 
Toro, M@I] jeiicrByroT Kak HHMOpMaLMOHHBIe 
areHTCTBa. 

M@I[ Poctospa-Ha-Jlony dyHKI[MOHUpyeT Cc 
2007 roya. UucneHHocTb padoTarolqux Ha KOHEIL 
2017 rona coctapiana 483 uenospeka. 3a 10 net 
CYIeCCTBOBaHHA OpraHH3allMH B He He OBI 3a- 
(pDHKCHpoBaH HUW OH HecyuacTHbIM ciry4al U HU 
OHO podeccuoHalbHoe 3a0oneBaHHe (II3). 
OyHako 3TO HE MOXeT CIIWKUTb rapaHTuen 0- 
CTOAHHOM aOCOJIKOTHOH Oe30lacHOCTH pabdoTalo- 
IHX HM He OTMeHAeCT HEOOXOAMMOCTH CO3aHHA B 
YUPExXKTCHHM TOJIHONeCHHOM CHCTeMbI yipaBsie- 
HUA OXpaHou Toya, KOTOpad B HacTOsee BPeMA 
OTCYTCTBYE€T. 

CireytyeT OTMeETUTh, YTO B COOTBETCTBHH C aK- 
TYaJIbHOM peyakiMen OOmjepoccuiickoro kulac- 
cudukaTopa BUJOB IKOHOMHYCCKON JlexATeCJIbHO- 
ctu (OKB9OJ) [16] MOI] oka3prparoT «mpoune 
KOMMYHA@JIBHBIe, COMMaIbHbIe WU IepCOHaJIbHBIe 
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3.5 million people; 

- scientific activity - more than 710 thousand 
people; 

- services in the field of real estate - almost 1.5 
million people; 

- information technology and computer science 
- 102 thousand people; 

- other public, personal and social services — 
478.5 thousand people [1]. 

The last area of work has become the subject of 
this research, the results of which are presented in 
this article. 

Problem statement. The initial objective of 
this study was to analyze the state of working 
conditions and industrial injuries on the example 
of the municipal public institution (MPU) "Ros- 
tov-on-Don Multifunctional Center for Provision 
of State and Municipal Services" (MFC Rostov- 
on-Don). 

MFC provides municipal public services and 
other services like consultancy, acceptance and 
issue of documents requested by applicants in a 
one contact mode. In addition, MFC acts as news 
agencies. 

MFC Rostov-on-Don has been operating since 
2007. The number of employees at the end of 
2017 was 483 people. During the 10 years of ex- 
istence of the organization, no accidents or cases 
of occupational diseases (OD) have been record- 
ed. However, this does not guarantee the perma- 
nent absolute safety of workers and does not ne- 
gate the need to establish a complete occupational 
safety management system, which is currently 
lacking. 

It should be noted that in accordance with the 
current version of the Russian Classification of 
Economic Activities (OKVED) [16] MFC pro- 


vides "other public, social and personal services”. 
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ycryru». B pamKax JjaHHoro UccIeqOBaHHA 
IpesmouaraeTca pacCMOTpeTb CTaTHCTHKY ClJly- 
yaesB IIT B aHanOrmuHbIx OpraHH3al[vax UW y4pe- 
*KCHUAX WU BbIABUTb COOTBETCTBYFOIIHe 3aKOHO- 
MePHOCTH. 

Kpome TOro, pe3yJIbTaTbI MIpOBeCHHBIX Hay4- 
HbIX VW3bICKAHHM TWOCIyxKaT OOOCHOBAHHeM JIA 
pa3paOoTKH MeTOJMKM aHasiv3a MpOM3BOJICTBeH- 
HOrO TpaBMaTH3Ma IIpH OrpaHW4eHHbIX UCXOI- 
HbIX JIAHHBIX JIA Cep WeaATeJIbHOCTH, KOTOPBIe 
He Y4HTbIBAKOTCA O(UUMAaIbHOM CTaTHCTHKOM B 
CHJIY UX AKOObI HU3KOM MOTeCHUMaIbHOM OMacHo- 
CTH C TOUKH 3PeCHUA OxpaHbl Tpywla. 

Teoperuueckan dactTb. Jia pelienua 0- 
CTaBJICHHOH 3aa4du BOCIOJIb3yeMCcA MaTepuasia- 
MH CcTaTucTuyeckow oTYeTHOcTH O IIT uw II3 [1]. 
Ha odunuManbHom caiite Pocctata omyOmuKoBa- 
HbI 4eTbIpe POpMBI JaHHbIX O IIT. B nepBsie WBe 
BKJIFOUCHBI AOCOJIFOTHBIC MH OTHOCHTECJIbHbIe M0Ka- 
3aTeIM O NMOCTpawaBluMx Ha MpOM3BOACTBe TIO 
TeppuTopuamM PoccuucKkouw Deepal U B IeIOM 
0 cTpaHe. B aByx Apyrux dopmMax 3aduKcupo- 
BaHbI AaOCOJIOTHbIC WH OTHOCHTEJIbHbIC JAHHbIC O 
MOcTpaylaBluux Ha IpOW3BOJICTBe 110 BUAaM 3KO- 
HOMMYeCKON DeaTenbHocTH. Ilona aOcosKOTHbIMH 
MOKa3aTeIAMH MOHUMAIOTCA YAMCIICHHOCTH IIpe- 
IIPHATHH, CpeHeECIIMCOYHBIN CocTaB paOdoTatro- 
IMX, KOJIM4YeCTBO HECYACTHBIX CITy4aeB, UHCIIO 
WHeU HeETpy{OCMOCOOHOCTH U Apyrue, WO, OTHO- 
CUTCJIBHBIMM — KOIMMHIMCHTHI YCTOTHI, TAKe- 
CTH, JIeTaJIbHOCTH. 

B paMkKax JlaHHoro HCCIeOBaHHA BbITOJIHeCH 
CpaBHUTeJIbHbIM aHaM3 WOKa3aTeen IIT B oOsa- 
CTH IIpeOcTaBICHHA KOMMYHAJIbHBIX, COI[MalIb- 
HbIX HM TepCcOHaIbHbIx ycryr 3a 2012-2016 rr. 
PaccMoTpeHbI JJaHHble 10 PocToBckow oOsacTH, 
FOxHOMYy (eepalbHoMy oKpyry u oO Poccui- 
ckoH Deyepaluu B wenom. Undopmaiua 0600- 
ijeHa B Taos. 1—3 uv BU3yasIM3upoBaHa B puc. 1-6. 
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In this study, we want to review the statistics of 
OI cases in similar organizations and institutions 
and to identify relevant patterns. 

In addition, the results of the research will serve 
as a basis for the development of a methodology 
for the analysis of occupational injuries with lim- 
ited initial data for areas of activity that are not 
taken into account by official statistics due to 
their supposedly low potential risk to occupation- 
al safety. 

Theoretical part. To solve this problem we 
will use the materials of statistical reporting on OI 
and OD [1]. Four forms of data on OI have been 
published on the official website of Rosstat. The 
first two include absolute and relative indices on 
victims at work in the Russian Federation territo- 
ries and in the country as a whole. Two other 
forms include absolute and relative data on pro- 
duction-related injuries by type of economic ac- 
tivity. Absolute indices refer to the number of en- 
terprises, the average number of employees, the 
number of accidents, the number of days of inca- 
pacity for work, and others, and the relative indi- 
ces include frequency, severity, and mortality. 

In this study, we have conducted comparative 
analysis of OI indices in the provision of public, 
social and personal services over 2012-2016. We 
reviewed data on the Rostov region, Southern 
Federal District and the Russian Federation as a 
whole. The information is summarized in Tables 


1-3 and visualized in Fig. 1-6. 
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Taodnuua | 
Table 1 


JjaHHbie 10 yposuHto IIT mpu mpexqocTaBieHuv KOMMYHAJIBHBIX, COMMAIbHBIX MU MepCOHAaJIbHbIX 


ycyr 3a 2012-2016 rogpr (aOcouHOTHbIe NOKa3aTesn) 


Data on the OI level in the provision of public, social and personal services for 2012-2016 


(absolute indices) 


KojJI-Bo 
npewnpua- 
THM 


CpeqHaa GHCIIeH- 
HOCTb paOOTHHKOB, 
yell. 


employees, people 


390544 
2013 712 419638 


enterprises 


1252 


2015 


8448 


457012 
478682 


UncieHHOCTh 
MOcTpayaBlluux, 
yeu.” 
Number of | Average number of | Number of the 
injured, people* 


2014| 8455 456574 


Uncio uesloBeKoO- Hen 
HeTpyOCHOCcOOHOCTH 
nocTpajjaBluux* 
Number of man - days 
of incapacity for work 
of the injured* 
29563 


M3 Hux CO CMep- 
TeJIBHbIM HCXO- 
J[OM 
With fatal out- 
come among 


C ytpaTou TpyzocnocoOHoctTyu Ha | pad. TeHb u Oosee HU CO CMepTeJIbHbIM HCXOJIOM. 
With incapacity for work for I day or more and with a fatal outcome 


IIpupeyeHubie B TaOn. 1 aHHble MO3BOJIAIOT 
CielaTb BbIBO, OO yBeMYeHHM CTaTHCTH4eCKH 
3aPHKCHPOBaHHOTO Y4MCIa OpraHv3alluH uv yupe- 
2KIICHHU, OKa3bIBalOlMX KOMMYHAJIbHBIC, COIH- 
aJIbHbIe MW WepCOHAJIbHbIe yCJIYru. 3a paccmaTpu- 
BaeMbIM MWepvo UX cTalo OombIe Ha 33 %. Co- 
OTBCTCTBCHHO, BO3POCJIO HM KOJMYeCTBO padoTa- 
FOWUX B ITO Cdepe (puc. 1). 








Shown in Table. 1 data allow us to draw a con- 
clusion about the increase of the statistically rec- 
orded number of organizations and establish- 
ments providing public, social and personal ser- 
vices. During the period under review, they in- 
creased by 33 %. Accordingly, the number of 
workers in this field also increased (Fig. 1). 


10 500 

8 400 Samat Uncno npeanpuatun 

Number of enterprises 
6 300 
4 200 aie 
UUCAIEHHOCTb 
5 100 DaOOTHUKOB 
Average number of employees 
0 0 
2012 2013 2014 2015 2016 


Puc. 1. AOcomroTHbIe TOKa3aTemM (<1000) ZHHaMuKH pocta cpesHeCIMCOYHOM YHCIICHHOCTH OpraHn3allui, 


OKa3bIBaFOUIMX KOMMYHaJIbHbIe, COUMAJIBHbIC UW WCPpCOHaJIBHbIe YCILYTU (leBaa wikasa), it paOoTarolux B HUX 


(IIpaBas Mikasa) 


Fig. 1. Absolute indices (x 1000) of the growth dynamics of the average number of organizations providing public, 


social and personal services (left scale), and working in them (right scale) 
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OOmiee KOIMUeCTBO TOCTpayzaBliIMx B pac- 


CMaTpuBaeMou cdepe 3a 5 ser coctaBiaeT 3017 
yenoBekK, WormOmmux — 148 yenopex. IIuk Tpas- 
MaTH3Ma lipuiesca Ha 2014 rox (649 HecyactT- 
HbIX CJry4aeB). HanOombiiice KOMM4CCTBO JIeTasIb- 
HbIX HCXOOB OTMeYeHO B 2016 roy (36 ciy4a- 
eB) 4 B 2013 roy (35 crry4yaes) (puc. 2). 
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The total number of victims in the field for 5 
years 18 3017 people, 148 people killed. The peak 
of injuries occurred in 2014 (649 accidents). The 
highest number of fatal outcomes was observed in 


2016 (36 cases) and 2013 (35 cases) (Fig. 2). 


mmm UNCNeEHHOCTb 
— nocTpafaBuiux c 
yTpaTon 
—. TpyfocnocobHoctu Ha 
1 pa6. feHb u bonee 


Number of vic- 
tims with inca- 
pacity for work 
for one working 
day or more 


ome 13 HUX CO With fatal out- 
CMePTe/IbHbIM come among 
— UCXOAOM them 


2016 


Puc. 2. AOcOMFOTHbIC NOKa3aTeIM JMHAMMKU KOIMYeCTBA NOCTpayaBlIUx C yTpaTOH TpyqOcuocoOHocTH Ha | 


padounl WeHb u OosIee M CMepTeCJIBHbIX HCXOJOB B Cepe MpeAOCTaBJICHHA KOMMYHAJIBHBIX, COMMAJIBHBIX HU 


TI€ePCOHAJIBHBIX YCJIYT 


Fig. 2. Absolute indices of the dynamics of the number of victims with incapacity for work for one working day or 


more and deaths in the provision of public, social and personal services 


JJaHHbie 00 OTHOCHTeJIBHBIX MOKa3aTemAx IIT 
(KOSPMUMMEHTHI YCTOTHI, TAXKECTH UM JeTAaIbHO- 
CTH TpaBMaTH3Ma) IIpeCTaBJICHBI B TaOI. 2. 


Data on the OI relative indices (frequency, se- 
verity and mortality rates of injuries) are present- 
ed in table. 2. 

Taosmmita 2 


Table 2 


JjanHbie 10 yposuto ITT mpu npezoctaBieHuv KOMMYHAaJIBHBIX, COMMAaJIBHbIX UM MepCOHAaJIBHBIxX 


ycryr 3a 2012-2016 roybr (OTHOCHTeIbHbIe NOKa3aTesIN) 


Data on the OI level in the provision of public, social and personal services for 2012-2016 


(relative indices) 


Iloka3aTeIM MpOu3BOACTBeCHHOTO 
TpaBMaTH3Ma 
Occupational injuries indices 


Toul 
Years 


1.48 1.42 1.24 1.1 


| emeyfconre [| | | | 
Frequency factor. FF 
Severity rate. SR 


Koodduunent JletambHoctu. Ki 0.082 0.084 0.050 0.048 0.075 
Lethal index LI 








JJaHHble TaOn. 2 MOKa3bIBaFOT, UTO MOKa3aTesIM 


THKECTH UW YACTOTbI HeECYACTHBIX CIyyaeB pu 
IIpeOCTaBJICHHH KOMMYHAJIbHbIX, COIMMAJIbHbIX U 
TepCOHaJIBHBIX ycryr B 2012—2016rr. umMeror 
TeCHICHIIMIO K CHWKeHHIO. KooddulueHtT 4actTo- 
TbI B IeIOM CHM3uIICA Ha 46,3 %, KoopddulMeHT 
TaKecTH — Ha 15 %. CaMbIM HecTaOHJIbHbIM T0- 
Ka3aTesIeM ABJIACTCA KOIPMUUMEHT JIeTAIbHOCTH. 
B 2016 roay oTMeyeHO ero HEKOTOpOe MOBBIIIe- 
Hue 10 cpaBHeHuto c 2014 u 2015 rogamnu. Ipa- 
(pu4eCKH JMHAMUKAa OTHOCHTCIIBHBIX MOKa3aTe- 
new ITT mpu mpenzocTraBieHuv KOMMYHAJIbHBIX, 
COUMAJIBHBIX WM IMepCOHAJIbHbIX YCJIyr WpecTaB- 
mleHa Ha puc. 3. 





Table. 2 data show that indices of severity and 
frequency of accidents in the provision of public, 
social and personal services in 2012-2016 tend to 
decrease. The frequency ratio as a whole de- 
creased by 46.3 %, the gravity coefficient — by 
15 %. The most volatile index is the mortality 
rate. In 2016, there was a slight increase com- 
pared to 2014 and 2015. Graphically, the dynam- 
ics of the OI relative indices in the provision of 
public, social and personal services is presented 
in Fig. 3. 


—— Kosoouunent Frequency 
YaCTOTbI, KY factor. FF 
—l— KosdouunsHt 
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(10)}4(-1) 
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Puc. 3. J[mHamuka OTHOCHTeEJIbHBIX NOKa3aTesen IIT B 2012-2016 rr. B chepe npeqocTaBseHusA KOMMYHAJIBHBIX, 


COMMAJIBHBIX UW MeCPpCOHaJIBHbIX YCJLYT 


Fig. 3. Dynamics of the OI relative indices in 2012-2016 in the provision of public, 


social and personal services 


CpaBHuM OTHOCHTeIbHbIe MoOKa3aTemM IIT co 
CpeyJHUMU JlaHHbIMH 10 PocToBckoM oOmacTH, 
FOxHOoro dexeparbHoro oKpyra Hu PO® B LeuOM 
(TaOn. 3). 


Pe3ybTaTbI IpOeaHHOW paOoTHI MO3BOJIAIOT 
yTBepxKaTb, 4TO MoKa3aTemM uactTotsb IIT no 
paccMaTpHBaeMOMy BHJyY SKOHOMHMYeCKON es- 
TeJIbBHOCTH COMOCTaBHMBI CO CpeHHMU JaHHbIMu 
m0 P® uw MWpeBblilatoT cpeqHve 3HayeHHA 110 Po- 


CTOBCKOH oOnacTH u FOxHOMy deepalbHOMy 
OKpyry (puc. 4). 


9://bps-journa 






Let us compare the OI relative indices with 
the average data on the Rostov region, the South- 
ern Federal District and the Russian Federation as 
a whole (Table. 3). 


The results of this work suggest that the OI fre- 
quency indices for the considered type of eco- 
nomic activity are comparable with the average 
data for the Russian Federation and exceed the 
average values for the Rostov region and the 
Southern Federal District (Fig. 4). 


Fu a 





Taomuua 3 
Table 3 


JlaHHbie 00 ypopHax IIT npu npexzoctaBieHuv KOMMYHAJIbHbIX, COMUMAJIBHBIX MW MePCOHAJIbHBIX YCJIYF M10 
paccMaTpHBaeMOMY BUY IKOHOMHYECKON exTeJIBHOCTH (BIL), a Takxe 10 PocToBckow OOsacTu (PO), 
FOxwxHomMy DeyepasbHomy oKpyry (LOMO) u P® 3a 2012-2016 rr. (oTHOCHTeIBHBIe NOKa3aTeJIN) 
Data on the OIF levels in the provision of public, social and personal services according to the 
economic activity (TEA), in the Rostov region (RR), the Southern Federal District (SFD) and the 

Russian Federation for 2012-2016 (relative indices) 
YncieHHOCTb moctpaaB- V3 Hux CO CMEPTEJIBHBIM HC- Yucno WHer HeTpyocnocoo- 
mux, Ky XOJIOM, Ky HOCTH y MocTpayaBuiux, Ky 
Number of victims With fatal outcome among Number of days of incapacity 
them for work of the injured 


: 

TEA | RR/SFD | RF TEA RR/SFD RF TEA RR/SFD RF 
L.7 
1.6 
14 


C ytpaTou TpyOcnocoOHOCTH Ha OHH padounl eHub U Oosee HW CO CMepTeJIbHbIM HCXOJIOM B 
pacyete Ha 1000 padbotatommx. B pacuete Ha 1000 padotarommx. 
Loss of ability to work for one working day or more and death per 1,000 workers. Per 1,000 





2012 2013 2014 2015 
==@=llo Bugy SKOHOMNMYeCKONU AeATeNbHOCTU Type of economic activity 


= No o6nactu Region 
No okpyry District 
==eNo P® Russian Federation 


Puc. 4. J[mHamuka 4acTOTHI TpaBMaTH3Ma B 2012—2016 rr. 10 BUY 9KOHOMHYECKON JIeATeCJIBHOCTH, 
a TakxKe 10 PoctosBcKon oOnacTu, KOxwxHOMy DeepasbHOMy OKpyry u PO 
Fig. 4. Dynamics of the frequency of injuries in 2012-2016 by the type of economic activity, in the Rostov 
region, Southern Federal District and the Russian Federation 


B PocToBckonw OOacTH CpaBHUTeJIbHO BbICOKa In the Rostov region, the death rate in the con- 
YacTOTa CMepTeCJIbHbIX HMCXOJOB B paCCMaTpHBae- sidered type of activity is rather high. This index 
MOH Ciepe WeaxTeMbHOCTH. ITOT NOKa3aTesb ObuUI was below the national average in 2014-2015 
HwKe cpeyHero M0 cTpaHe TombKO B 2014— (Fig. 5). 


2015 rr. (puc. 5). 
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=o Bugsy 3KOHOMUNYECKON AeATeENbHOCTU Type of economic activity 


«No o6nactu Region 


s=te=Ilo oKpyry District 
-=efo Pd Russian Federation 


Puc. 5. JIwHamuka JIeTanbHoctTu B 2012—2016 rr. 10 BUY 9KOHOMHYCCKON JICATCJIBHOCTH, a TaKxKe 10 PocToBCKon 
oOmactu, KOxHomMy DeyepambHomy oKpyry u PO 
Fig. 5. Dynamics of mortality in 2012-2016 by the type of economic activity, in the Rostov region, the 
Southern Federal District and the Russian Federation 


HeckouIbKO HWKe, 4EM B CpeHeM IO CTpauHe, The severity of injuries was slightly lower 
oOjlacTH MU OKpyry, OKa3aIMcb WoKa3aTesIM TAKe- than the national, regional and district averages 
CTH TpaBM (puc. 6). (Figure 6). 
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=@=lo Bugy 3koHOMUYeCKON AeATeNbHOCcTU §=Type of economic activity 
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==e=No Pd Russian Federation 


Puc. 6. JMHamnka Ts>KeCTH TpaBM B 2012-2016 rr. 1o BUY 9KOHOMHYECKON JeATeCJIBHOCTH, a TakK%Ke 110 POcTOB- 
CKOM OOsacTu, KOx*xHOMy DejyepalbHoMy OKpyry u PO 

Fig. 6. Dynamics of the severity of injuries in 2012-2016 by the type of economic activity, in the Rostov region, the 
Southern Federal District and the Russian Federation 

3aku1o4eHHe. Komisiekc O*UUMAIbHBIX CTa- Conclusion. The data of official statistics and 


THCTHYCCKHX MW OTKPbITBIX HAHHbIX, KaCalOMMXCA open data on occupational injuries allow us to 


IIPOW3BOJICTBEHHOrO TpaBMaTH3Ma, HO3BOJIAeT ; ,; ; 
acai am 2 a) Cane eae study the dynamics of accidents of different etiol- 


W3y4aTb JMHaMUKy HeCU4aCTHBIX cylyyaeB pa3- = 
ogies and with different outcomes. This infor- 


NMYHOM ITMOJOHM U C pa3sIM4HbIM MCXOJOM. ITa 
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MHMOpMalluaA JOJDKHa CTaTb OCHOBOM JIA BbIpa- 
OOTKH NOJMTHK UM IporpaMM OxpaHbI Tpya. 

B paMkax JJaHHOoro UCCIeqOBaHuA W3HaAdalIbHO 
IpesMouarasocb MpoOaHasIM3HpOBaTb CUTyallMtO C 
HT Bp MKY «MuorodyHKuMOHaIbHbIM IWeHTp 
IIpesOcTaBleHuA TOCyapcTBeHHbIX HM MYHUIIM- 
TaIbHBIX ycIyr Yropoya Poctospa-Ha-Jlony». 
HecuacTHble ciy4av B JaHHOM OpraHH3alluu He 
peructTpupoBalMchb (cTaTHCTHuKa 0 HUM OTCYT- 
cTBOBalla). B 3sTOM CBaA3M ObIa WpewwIox#KeHa Me- 
TOWMKAa TpoBeyeHua oleHkKu coctrosHua ITT npu 
OrpaHM4eHHbIX JAHHbIX, HW Ha ee OCHOBE MpoBe- 
eH aHasM3 CHTyauMu B Ciepe TpewocTaBIeHHuA 
KOMMYHA@JIBHBIX, Me€PCOHAJIbHbIX HW COIMMAJIBHBIX 
yCJIyYl HaceJIeHHLO. 

Pe3ylbTaTbI MCCIeEOBAHUA MO3BOJIAIOT CJle- 
WaTb BbIBOJ. O JOCTaTOUHO BBICOKOM YypOBHe 
TpaBMaTH3Ma B pacCMaTpHBaeMOM cibepe. ITOT 
(bakT OKa3bIBaeT, YTO WI MKY «MxHorodyHk- 
IIMOHAIbHBIN WeHTp WpeqocTaBleHua rocysap- 
CTBCHHBIX HM MYHUI[MMAIBHBIX yCIyr ropoga Po- 
cToBa-Ha-JloHy» WM aHanOrM4HbIxX OpraHHV3al[un 
JOJOKHBI pa3pa0aTbIBaTbCA COOTBeETCTBYFOIIMe 
ipodusakTuyeckHe U 3alll[MTHbIe MeporpuATUuA. 


buO01Horpaduyeckui CiIMCcOK 
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mation should form the basis for the formulation 
of occupational safety policies and programs. 

In the framework of this study, we originally 
intended to analyze the situation with OI in the 
MPU "Rostov-on-Don Multifunctional Center for 
Provision of State and Municipal Services". Ac- 
cidents in this organization were not registered 
(there were no statistics on them). In this regard, 
we propose a methodology for assessing the state 
of OI with limited data, and on its basis the situa- 
tion in the provision of public, personal and social 
services to the population was analyzed. 

The results of the study allow us to draw a 
conclusion about a sufficiently high level of inju- 
ries in the field under consideration. This fact 
proves that appropriate preventive and protective 
measures should be developed for MPU "Rostov- 
on-Don Multifunctional Center for Provision of 


State and Municipal Services" and similar organi- 


zations. 
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HA YUHO-METOAMUECKHE 
MOAXOJIbI K OWEHKE PHCKA 
30POBbIO HU JKOJIOTMYECKON 
KOM®OPTHOCTH HACEJIEHHA 
KPYNHbBIX TOPOJOB 
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CTaTbA TOCBAIIeHa OOOOLICHHIO H3BECTHbIX 
MOJXOJOB K OI[CHKe PHCKa 3]}OPOBbiO HaceJICHHA 
KPyYNHBIX TOpOOB, MpHHATEIX B Poccuvickon 
Meylepauuu u Oa3supyroliMxca Ha UCCueOBaHuu 
3aBHCHMOCTH «03a-39@eKT» WIA MOpPOroBbix 
TOKCHK@aHTOB, a TaKxKe Ha ABTOPCKONM MeTOKe 


OI[CHKU 9KOJOrMYeCKOn KOM@OpTHOCTU 
TeppuTopuHi. OOcyxTaloTca JOCTOHHCTBa U 
HeJOCTaTKH YKa3aHHbIX BBIINe  MOXOOB, 


pa3pa0oTaHbI Hay4HO-MeTOMYeCKHe MOAXObI U 
peKOMecHyAaluu K OWeCHKe PHCKa 30pOBbIO U 
QKOJOrM4YeCKOH KOM@OPTHOCTH JIX HacesIeHuA 
KPYNHBbIX ropoz0B Poccuu. 


KuroueBbie CJ10Ba: ONUCHKa PUCKa 3TOPOBb!O, 


3aBHCHMOCTb «103a-3PMeKT»», TIOpOroBble 
BeIeCTBA, KaHIeporeHHble BeIeCTBA, 
OecnoporoBble BeIILeCTBA, 9KOUIOrM4eCKad 
KOM@OpTHOCTB. 


BsBejenne. B kone XX — Hayane X XI BeEKOB 
yBeIM4eHHe YAMCIICHHOCTH HaceJIeHHA TOpPOOB 
WHUMUMUpoBaln ycyryOmeHue TakKHX COIMasIbHO- 
9KOJIOFMYeCKHX TpoOseM, Kak yxXyJWeHve COCTO- 
AHUA 320POBbA HacesIeHHA, COKpallleHve Mpo- 
JOJDKUTeCJIBHOCTH %KH3HH, BO3pacTaHwve 4Hcila 
KaHI[epOreHHBIx 3a00JIeBaHHH U Wpoyee. Tora, B 
CBA3H C OOOCTpeHHeM HeraTHBHbIX B3aMMOOTHO- 
IWeCHHH MExKTY UpHposOU U OOM[ECTBOM, BO3HUK- 
a OCTpad HeEOOXOAMMOCTE B OIeCHHBAHHU Bpeya 
3}0POBbIO 4eJIOBeKa, HAHOCMMOTO CO CTOPOHBI 
OKpyxKarollleH Cpebl HeyYAOBJICTBOPUTeJIBHOTO 
KauecTBa, a TakKxKe B BbIPAOOTKe NOHATHA «IKOIIO- 
ruyeckad KOMMOPTHOCTb» WH POPpMHpOBaHHUN T0- 
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SCIENTIFIC AND METHODOLOGICAL 
APPROACHES TO HEALTH RISK 
ASSESSMENT AND ENVIRONMENTAL 
COMFORT OF THE POPULATION OF 
LARGE CITIES 
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The article is devoted to generalization of the 
known approaches to health risk assessment in 
large cities adopted in the Russian Federation and 
based on the study of “dose — effect” dependence 
for threshold toxicants, as well as the author's 
methodology for assessing the environmental 
comfort of territories. The advantages and disad- 
vantages of the above-mentioned approaches are 
discussed, scientific and methodological ap- 
proaches and recommendations to the assessment 
of health risk and environmental comfort for the 
population of large cities of Russia are developed. 


Key words: health risk assessment, "dose — ef- 
fect" dependence, threshold substances, carcino- 
genic substances, non-threshold substances, envi- 
ronmental comfort. 


Introduction. At the end of the XX — the 
beginning of the XXI centuries, the increase in 
the population of cities initiated the aggravation 
of social and environmental problems such as 
health deterioration of the population, life expec- 
tancy reduction, the increase in the number of 
carcinogenic diseases and so on. Then, due to the 
aggravation of the negative relationship between 
nature and society, there was an urgent need to 
assess the harm to human health caused by the 
poor quality of the environment, as well as to de- 


velop the concept of "environmental comfort" and 
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Ka3aTeen JIA ee NOCTWXKeCHHA. 

Ilo 9sTOM Tpu4HHe ObWIM CPOpMyMpOBaHBbI 
OCHOBHBbIle IIPHHIUMMbI OTEYECTBCHHOM MeTOJMKU 
OI[CHKH PHCKa 3JOPOBbIO HaceJIeHHA, 4TO BIIO- 
CHEJICTBUM MO3BOJIMJIO CO31aTb pa3sIM4HbIe Moe- 
mu. B 4acTHOCTH, ObLIM pa3pad0oTaHbI CJeJLyro- 
Me MOJeIM ONeCHKH, KOTOPbIe MOXKHO YCJIOBHO 
pa3leIMTb Ha JiBa KyIacca: 

— MOjleIM, Oa3MpyrolMeca Ha OLleHKe 3aBH- 
CHMOCTH «03a-9P@eKT» IX MOPOroBbIx Be- 
II[CCTB; 

— MOJeIM, Ipeqmoararomlue OlleHKY ypOBHA 
pucka 32,0PpOBbiO Jit OCCMOPOroBbIX, B TOM 4HC- 
le KAHITEpOreHHBIX BersecTs |] J. 

B 9TOW CBA3H [esIbIO JaHHOTO UCCIeqOBaHHA 
ABJIACTCA OOOOMEHHE MOAXOAOB K OLleHKe pucKa 
3JJOPOBbIO JIA MOPOrOBbIX BeIIeCTB HU IKOJOU- 
YeCKOH KOMMOPTHOCTH JIA HacesIeHHA KPYyHHBbIxX 
TOPOAOB, a TakxKe pa3padoTKa HU W310%KeHHE CO- 
OTBeETCTBYIOINMX Hay4HO-MeTOMYeCKHX TOJIXO- 
JOB K YIOMAHYTON OeHKe. 

OO030p H3BeCTHBIX MeTOJOB OLCHKH puicKa 
paspadoTKa Hay4HO-MeTOAM4eCKHX I0AX00B 
K ero oleHKe. CyllecTByeT JOCTaTOUHO MHOrO 
TOJIXOJIOB K OIeCHKe PHCKa 30POBbIO HacesIeHuA 
KPYNHBIX FOPOOB, B TOM 4MCIIe U JIA MOpOroBbix 
BellecTB. Handoslee paciipoctpaHéHHble 43 HX 
IIPHHATbI Ha TOCyAapCTBeHHOM YpOBHe HU 3J10%Ke- 
HbI B COOTBETCTBYIOINMX MCTOJIM4eCCKUX PCKOMCH- 
nauuax (MP 2.1.9.003—-03), B KoTOpBIx Toy 
PHCKOM 320POBbIO NOHUMaeTCA BEPOATHOCTE pa3- 
BUTHA HeOaronupuATHOrO 92ddekTa y MHAMBULY- 
yMa WJIM TpyMibl JOE Mp BO3AeMCTBHM oTpe- 
JeNCHHOK O3bI WIM KOHIeCHTpalluu olmacHoro 
areHta [2]. I]pumMeHutTesbHO K BO3eHCTBUIO He- 
ONarONpHATHBIX (MaKTOPOB OKpy2KaroOlleH Cpebl, 
puck — 9TO OxKUTaeMad YacTOTa BpeHBIX (HerKe- 
WaTeIbHbIX) IPdeKTOB y HaceJIeHHA, BOSHUKAarO- 
IMX OT 3ajaHHOrO BO3JCMCTBUA 3arpaA3HAFOIerO 
BelljecTBa. Puck xapaKTepu3yeTCA TpeMs# acrieK- 
TaMW: BepOATHOCTb, TOCIeCTBHA pean3alluu 
pucKa, 3Ha4YMMOCTS WoceyCTBUH [3]. 

IiIupokoe pacnpocTpaHeHue olleHKa pucKa 
30pOBbio B Poccuuickon Deyepaluu Nowy4nia B 
koHe 90-x rogoB, TOra UW BO3HUK px, METOHK. 


OleHKOM pucKa CTasIM 3aHHMaTbCA W3BeCTHbIeC B 





the formation of indicators for its achievement. 

For this reason, the basic principles of the na- 
tional methodology for health risk assessment 
have been formulated, which subsequently made 
it possible to create different models. In particu- 
lar, the following assessment models have been 
developed, which can be divided into two classes: 

- models based on “dose-effect” relationships 
for threshold substances; 

- models for assessing the level of health risk 
for non-threshold substances, including carcino- 
gens [1]. 

In this regard, the aim of this study is to gen- 
eralize approaches to health risk assessment for 
threshold substances and environmental comfort 
for the population of large cities, as well as to de- 
velop and present appropriate scientific and 
methodological approaches to the assessment. 

Review of the known risk assessment meth- 
ods and the development of scientific and 
methodological approaches to risk assessment. 
There are quite a few approaches to health risk 
assessment of large cities population, including 
threshold substances. The most widespread of 
them are accepted at the state level and stated in 
the corresponding methodical recommendations 
(MR 2.1.9.003—03) in which risk to health is un- 
derstood as the probability of development of ad- 
verse effect for an individual or a group of people 
at the influence of a certain dose or concentration 
of a dangerous agent [2]. With regard to the im- 
pact of adverse environmental factors, the risk 1s 
the expected frequency of harmful (adverse) ef- 
fects for the population arising from a given ex- 
posure to a pollutant. Risk is characterized by 
three aspects: probability, consequences of risk 
realization, significance of consequences [3]. 

Health risk assessment was widespread in the 
Russian Federation in the late 1990s, when a 
number of techniques emerged. The risk assess- 


ment was carried out by the known doctors of 
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HacTOAIee BPeMA JOKTOPa MeMIIMHCKHX HayK A. 
B. Kucenés, K. b. Opuaman, C. JI. ABasimannu, Ko- 
TOpble pacCMaTpHBaJIM PHCK UCKJIFOUHMTeEIIbHO C 
MeJIMIIMHCKOH  TOUKH 3peHHa. Hapayy c BBIIIIe- 
IIpHBeJJEHHbIMH MeTOMKaMH, MOABMJIaCh MeTOJIU- 
Ka Jpyroro xapakTepa — OKTOpa Treosloro- 
MUHepasormyueckux HayK II. A. Baranosa. B Heri 
OI[eHMBaeTCA YacTOTa BO3HHKHOBeCHHA OMOIHH- 
TeJIBHOrO PHCKa, TO CECTb HeOAarOMPUATHBIX CHTY- 
alIMH, MOABJIAIOIMXCA IPH Ope esIeHHbIX KOH- 
KpeTHBIX BO3JCMCTBHAX, KaK JJOMOJIHeEHHe K OC- 
HOBHOMY PHCKy 30poBbrO. OueBu HO, 4TO JaH- 
Had MeTOMKa He pacCMaTpHBaeT CaMy BeJIMUMHy 
plcKa HU ABJIACTCA CMHCTBCHHON B CBOEM pore. 

Kak paHee OTMe4asIOCbh B JaHHOM CTaTbe, 10 
CUX IlOp He CylecTByeT CEHHOHM MeTOHKH, KOTO- 
pad Morya ObI y4ecTb BCe MapaMeTpsI, HeOOxoH- 
MBble JIA HanOoslee a[eKBaTHOrO U MpuOsIMKeHHO- 
TO K peayIbHOCTH pe3yibTaTa. B TeueHHve BCeu 
2KW3HU YeJIOBEK COBeEPIICHCTByeT CHOCOObI OLeH- 
KH PHCKa 3]}0POBbIO BO B3aMMOCBA3H C KA4eCTBOM 
OKpyxKaroll[eH cCpebl, cO3qaeT CBOHW MepcoHalib- 
Hble KputTepnu pucka. Ilopeyenue ero HalipaBsIeHo 
BO MHOIFOM Ha CO3HaTeJIbHOe yIIpaBJIGHHe PHCKOM. 
Baio Ob! HelIpaBYJIbHbIM He UCIOIb3OBaTb TaKOW 
39MeKTHBHEIM NPHpOHbIN MexaHi3M B pellleHHu 
3aya4d, CBA3AHHBIX C TpeayipexeHHeM OTpHIla- 
TCIbHOrO BO3eMCTBHA (akTOpOB OKpy2Karollel 
CpebI Ha 340pOBbe HaceJIeHHA, KaK IpOrHosupo- 
BaHHe U yiipaBsieHHe [4]. 

Jina co3qaHua B MepBoM TIpHOsMKeHHM aeK- 
BaTHOTO MeTOJa OLCHKH PHCKa 3OPOBbIO JIA I0- 
POrOBBIX BelleCTB B aHHOM HCCIeqOBaHHU U3y- 
YeHbI HEKOTOPble W3 OCHOBHBIX CYIIeCCTBYIOIINX 
MCTOJIMK, BbIABJICHbI UX JIOCTOMHCTBA HU HeOCTAT- 
ku. Ha OCHOBaHMH ZTOTO CeaH OOUIMH BBIBOT U 
OOO3HaYeHBI HEKOTOPbIe MOAXObI, HEOOXOUMBIe 
JIA CO32aHHA YHUBepCcaIbHOrO MeTOJa HU pa3pa- 
OOTKH Hay4HO-MeTOAM4eCKHX OCHOB OO03HadeH- 
HOM OL[eCHKUH. 

Ha rocyyjapcTBeHHOM ypoBHe B 2004 roy B 
Poccuu ObluIo MpHHATO PyKOBOJICTBO HO OLeHKe 
plckKa JIA 3HOpOBbA HaceJICHHA IPH BO3eHCTBHU 
XMMVMYeCKHX BCIICCTB, 3alpA3HAFOWIMX OKpy2Kalo- 
utyro cpezy (Pykopoyctso P. 2.1.10.1920—04), B 


KOTOPOM IIpeC]ICTaBJICHbI] OCHOBHbIC WOJOKCHHA 





medical sciences A.V. Kiselev, K.B. Fridman, 
S.L. Avaliani, who considered risk only from a 
medical point of view. Along with the above 
mentioned techniques, there is a technique of a 
different nature developed by a doctor of geologi- 
cal and mineralogical sciences P.A. Vaganov. It 
assesses the frequency of occurrence of additional 
risk, that is, adverse situations that occur under 
certain specific effects, as a supplement to the 
main health risk. It 1s obvious that this technique 
does not consider the size of risk and is the only 
one of its kind. 

As it was noted in this article, there is still no 
single methodology that could take into account 
all the parameters necessary for the most ade- 
quate and real result. Throughout life, a person 
improves the ways of health risk assessment in 
relation to the quality of the environment, creates 
his/her personal risk criteria. The behavior is fo- 
cused mainly on conscious risk management. It 
would be wrong not to use such an effective natu- 
ral mechanism in solving problems related to the 
prevention of negative impact of environmental 
factors on the health of the population as forecast- 
ing and management [4]. 

In order to create an adequate method of 
health risk assessment for threshold substances in 
the first approximation, in this study we has ex- 
amined some of the main existing techniques, re- 
vealed their advantages and disadvantages. On 
this basis, a general conclusion is made and some 
approaches necessary for the creation of a univer- 
sal method and the development of scientific and 
methodological foundations of the designated as- 
sessment are outlined. 

At the state level, in 2004, Russia adopted the 
Guidelines on the assessment of risk to public 
health from exposure to chemicals that pollute the 
environment (Guidelines R. 2.1.10.1920—04), 
which presents the main provisions of the meth- 


odology for risk assessment, in particular, de- 


i 


SF D ( 


Safety of Technogenic and Natural Systems 





MeETOJIOJIO“HH 10 OLGHKe PHCKa, B WaCTHOCTH, I0- 
JIPOOHO pacCMOTPeHbI MeTOJMKU pacuéTa pucKa 
TIP pa3sIM4HbIX IKCHO3HUMAX TpuMecet. 

B Hay4HOM OTHOIIeCHHH B JaHHOM PykosBoJ- 
CTBe TIO], OL[CHKOM PHCKa 30POBbIO TOHHMarOT 
MOCWeOBaTesIbHOe, CHCTEMHOe paccMOTpeHHe 
BCeX aACIICKTOB BO3JIEHCTBHA aHasIM3upyemMoro 
(bakTOpa Ha 3JJ0pOBbe 4esIOBeKa, BKIIIOUaA OOO0C- 
HOBaHHe JOMYCTMMBIX YpOBHeH BO3,CHCTBHA. 

IlomHasa (0a30Baa) CXeMa OI[CEHKH PUCKa peyly- 
CMaTpHBaeT IIpOBeeHHe YeTHIPeX B3AMMOCBA3AH- 
HbIX ITANOB: UACHTHMUKAUMA ONACHOCTH, OLeHKa 
3aBHCHMOCTH "J103a-OTBeCT", OLICHKAa 3KCHO3HIMH, 
XapakTepucTuKa pucka. Ilepexq mpoBeyeHuem Uc- 
CIIC-HOBaHHH MO MOJHOW CxeMe YETKO OlpeyesA- 
FOTCA IeIM VU 3aa4u UcceOBaHuu, (OopMuUpyertcA 
Tpyniia UccweqOBaTesIeH, B KOTOPylO BKJIFKOUaIOT 
Kak CIleI[MasIMCTOB 110 OI[eHKe PUCKa, TaK HU TOKCH- 
KOJIOTOB, XMMUKOB, TEXHOJIOFOB, JIM, KOTOPbIe B 
TOcHeyIOUuleM OyAyT pa3paOaTbIBaTb BapvaHTHI 
ylipaBJICH4eCKHX pellleHHi UW TIPHHUMAaTh pellleHuA 
10 HX peasM3alnu. 

HecMorTps Ha O4eBHHBIe JIOCTOHHCTBA, aHHaA 
CXeMa OI[CHKH PHCKa, 13J10%KCHHad B PyKOBOJICTBE, 
MMeeT HeKOTOPbIe HeOCTATKH: He Y4HTbIBACT 
CIHOCOOHOCTB BEeLIIeCTB OOpa30BbIBaTb CJIO2XKHbIC 
COC MHeHUMA, HAaXOJACh B BO3J{YIIHOM IIpoctTpaH- 
CTBe; paccuHTaHa C Y4YETOM CpeJIHeH MaCccBI YeIo- 
Beka, 6e3 yuéTa MpebIyUIMxX WU BO3MOXKHBIX B 
HacTOsAMMH WepvHoy 3a001eBaHHi; OCHOBaHa Ha 
HOPMaTHBHOM peryiameute ITJIK. 

Mertoguka A. b. Pepuya, cbopMyMpoBaHHad B 
koHwe XX — Hayate XXI BB., Oa3upyeTca Ha 
MIpOBeCHHH 9XKOJIOLO-ITMACMHONOTMYeCKON pa- 
OoTbI. HecMotps Ha ps, BaXKHBIX MOJIOXKUTEIIBHBIX 
MOMEHTOB (IIPOCTOTa pacueToB, OINeHKa «OTHOCH- 
TeEJIBHOTO PHCKa>>, COOTBETCTBHE pe3yJIbTaTaM UC- 
CNeJOBAHHM MHOCTpaHHbIX aBTOPOB HU JIp.), OHa 
TakoxKe HMeeT pA MpOOIIeM: COXKHOCTb UCCeO- 
BaHHH KOHTPOJIbBHOM Ipyllibl; OTCyTCTByeT yueT 
OTJAJICHHBIX MOCIICCTBUM BO3CUCTBYIOINUX (ak- 
TOPOB; B ypaBHeHHAX MOJIeIH He YUIMTbIBAeTCA 
IKCMO3SHIMA BEILeCTB. 

Mertoymka ONeHKH pucKa, Mpes10x#xXeHHAaA B pa- 
Ootax A. B. Kucenépa, ocHOBbIBaeTCA Ha OOIIIe- 
TIPHHATHIX 


HOPMaTHBHbIx 4t HaydHo- 


tailed methods for calculating the risk of different 
exposures of impurities. 

Scientifically speaking, the Guideline refer to 
health risk assessment as a consistent, systematic 
review of all aspects of health impact of the factor 
under consideration, including the rationale for 
the permissible levels of exposure. 

The full (basic) scheme of risk assessment 1n- 
volves four interrelated stages: hazard identifica- 
tion, “dose-response” assessment, exposure as- 
sessment, risk characterization. Before carrying 
out a full-scale research, the objectives and tasks 
of the research are clearly defined, a group of re- 
searchers 1s formed, which includes both risk as- 
sessment specialists and toxicologists, chemists, 
technologists, persons who will subsequently de- 
velop options for management decisions and 
make decisions on their implementation. 

Despite the obvious advantages, this scheme 
of risk assessment, outlined in the Guidelines, has 
some drawbacks: does not take into account the 
ability of substances to form complex compounds 
in the air; it is calculated taking into account the 
average weight of a person, without taking into 
account previous and possible diseases during this 
period; it is based on MPC regulations. 

The method of A.B. Revich, formulated in the 
late XX — early XXI centuries is based on eco- 
logical and epidemiological work. Despite a 
number of important positive aspects (simplicity 
of calculations, assessment of "relative risk", cor- 
respondence to the results of studies by foreign 
authors, etc.), it also has a number of problems: 
the complexity of the control group studies; there 
is no record of the long-term effects of influenc- 
ing factors; the model equations do not take into 
account the exposure of substances. 

The method of risk assessment proposed in 
the works of A. V. Kiselev is based on the gener- 
scientific- 


ally accepted normative and 


methodological documents, which have the basic 
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METOJIOJIO(HM4CCKHX JIOKYMCHTaX, B KOTOPbIX H3- 
NIOXKCHbI OCHOBONMOIAraroliue MOCTYIaTbI OleHKH 
pucka 30poBbro [5]. Onn, Kak uM pesbyyuMe 
MCTOJMKH, TpewOuaratoT BbIMOJIHeEHHe 4eTbIpex 
OCHOBHBIX 93TAIOB: HICHTUMUKAIMA OMacHOCcTH, 
OlleHKa IKCHO3HIMH, OlleHKa 3ABMCHMOCTH «103a- 
3cpdekT», XapakTepuCcTUuKa PUCKa. 

Jlo303aBUCUMaa peakIMA OpraHv3Ma onpeye- 
JIACTCA SKCIEPUMECHTAIbHO Ha YPOBHE JJOCTaTOUHO 
BbICOKHX, ABHO J[CHCTBYIOINIMX J103, a Ol[eHKa pe- 
aIbHOrO YPOBHA 3arpx3HeCHUA OCYIIeCTBIIACTCA 
MCTOJIOM DKCTpanoJALHH. 

Metronguxa A.B. Kuceyesa, orsmuatomasica 
IIpOCTOTOH HW310%KeHHA UM CPOpMYyI NIA OLeCHKH, 
Oa3upyetca Ha KoHIenlMu ITIK, aro jemaeT ee B 
HeEKOTOPOH CTeIeHH yA3BUMON. 

Hakouell, JIA OMMCaHHA CBA3H MEXKTY O30 U 
OTKJIMKOM Ha Heé, B CJIy4ae MOPOTOBBIX BeIIeCTB, 
B paOotax IJ. A. BaraHopa lpeioxKeHbI Be MO- 
Je: uUHeUHO-KeaOpamuyYHad u Modelb Beubys- 
ja-[ HeOeHKO, KOTOPbIe TWO3BOJIAIOT pacC4uTaTb 
YaCTOTbI (4acTOCTH) JOMOJHUTeIbHOrO pucKa 
3JJOPOBBIO, HCXOA U3 NOHUMAHUA TOrO, UTO PUCK 
— NMOHATHe BeposTHOCTHOe. VW3-3a cnoxKHOCTH 
OI[CeHHBaHHA NWOUHOrO pucKa, B Ciry4ae c Moporo- 
BbIMH BeIIICCTBAMH, PaCCUMTbIBAaeTCA BesIMIMHA 
J[OMOJIHUTeEIBHOrO PHCKa JI KOHKPeCTHOTO TOK- 
CUKaHTa (IIOpOroBOro BelleCTBA). 

BexyluMu KpuTepuaMn JIA BbIOOpa XUMU4e- 
CKUX BeICCTB, HOTCHIMaIbHO YXyIMarOllux 3J10- 
poBbe HaceyleHusa, COormacHo PykOBOJICTBy 0 
OI[eHKe PUCKa JIA 3HOPOBbA HacesICHHA TIP BO3- 
JICHCTBHUH XMMVYeCCKHX BeIIeCTB, 3arpax3HAFOUIMX 
OKpyKarolllylo cCpeyy, JOJDKHbI BbICTYWaTb UX 
TOKCHYeCKHe CBOMCTBA, pacCIIPOCTpaHeHHOCTb B 
OKpyKarolleH cpeyle UH BepOATHOCTb UX BO3eH- 
CTBHA Ha 4eoBeKa. OOs3aTebHO YUINTbIBAFOTCA 
KOJIMYeECTBO BeIIecTBa, MOCTyNarollee B OKpyxKa- 
FOLULY!O Cpeyly; UMCJICHHOCTb HaceJIeHHA, WOTeHIIM- 
aJIbHO TOJBepxKeCHHOrO BO3JICHCTBHIO; BbICOKaA 
CTOHMKOCTb (IlepCHCTeHTHOCTS) BelleCTBa B OObeK- 
Te OKpyKarollen Cpeybl; CMOCOOHOCTB K OnOaK- 
KYMYJIAIMH; CIIOCOOHOCTH BelllecTBa K MexKcpejo- 
BOMY paciipeyesIeHH1O; OMACHOCTh JIA 3O0POBbA 
yYeNOBeKa (CHOCOOHOCTb BbI3bIBATb BPeAHbIe 3)- 


(peKTbI: HEOOpaTUMBIe, OTTAICHHble, OOayaroume 





postulates of health risk assessment [5]. They, 
like previous techniques, involve four main stag- 
es: hazard identification, exposure assessment, 
“dose-effect” assessment, and risk characteriza- 
tion. 

Dose-dependent reaction of the organism is 
determined experimentally at the level of suffi- 
ciently high, clearly acting doses, and the assess- 
ment of the actual level of pollution is carried out 
by extrapolation. 

The method of A.V. Kiselev, characterized by 
simplicity of presentation and evaluation formu- 
las, is based on the concept of MPC, which makes 
it somewhat vulnerable. 

Finally, the works of P.A. Vaganov propose 
two models to describe the relationship between 
dose and response to it in the case of threshold 
substances: linear-quadratic model and Weibull- 
Gnedenko model, which allow calculating the 
frequency of additional health risk, according to 
the understanding that the risk is the concept of 
probability. Due to the difficulty of assessing the 
total risk, in case of threshold substances, the val- 
ue of additional risk for a particular toxicant 
(threshold substance) is calculated. 

According to the Guidelines for assessing the 
risk to public health from chemicals that pollute 
the environment, the leading criteria for selecting 
chemicals that potentially degrade the health of 
the population should be their toxic properties, 
their prevalence in the environment and the like- 
lihood of their influence on humans. It is neces- 
sary to take into account the amount of the sub- 
stance entering the environment; the potentially 
exposed population; high resistance (persistence) 
of the substance in the environment; the ability to 
bioaccumulate; the ability of the substance to in- 
ter-mediate distribution; danger to human health 
(the ability to cause harmful effects: irreversible, 
distant, with a high medical and social signifi- 


cance). In this case, the main and determining cri- 
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BbICOKOM MeJIMKO-COUMaIbHOM 3HAa4HMMOCTBIO). B 
JJaHHOM CiIydae OCHOBHbIMUM VU OMpeeuAFOUIMMU 
KpHTepHAMU (POPMUpOBaHHA MepedHsA WpHoOpuTet- 
HbIX BeIICCTB ABHIIMCbh HaM4ve UW JOCTYIHOCTb 
aJIeKBaTHbIX JI@HHBIX O BeLIeCTBax, HacesIeHHy, 
HOJBeprarolleMyCcA BO3JICHCTBHIO, a TaK2Ke TOK- 
CHUHOCTh BELIeCCTB. 

IIpuMeHeHue JUHeUHO-KeaOpamuYuHOUu ModeU 
HO3BONHIO CPOPMYJIMpOBATh CiesyHOWMe MpoOMe- 
XKYTOUHBIC BbIBOJbI: BEUM4YNHA YACTOTbI BO3HMK- 
HOBCHHA JIOMOJIHUTCIbHOrO PUCKa HalIpsxMy!O 3a- 
BHCHT OT BEJIM4HHBI JO3bI — 4eM BBIIMe 03a, TEM 
BbILIeC BCPOATHOCTb BPO3HHKHOBeCHHA PHCKa 3]10- 
popbro. Uem Ooslbmie 03a TOKCHKaHTa (D), Tem 
MeHbIUe KOIPMUIMeHTHI a U Db, YMeHbILeHHe KO- 
TOPbIX IIPHBOAUT K pOcTy BKIaya KBaypaTH4HOro 
yyleHa B 3Ha4eHHe YaCTOCTH PUCKa 30poBbiI0O. Lem 
MeHbIUe 03a TOKCHKaHTa (D), Tem OsIMKe 3HAUe- 
Hue KBaspaTHyHOroO wieHa K 0, YTO NPHBOAUT K 
pocTy BkKJlayqla IMHeMHOM 4aCTH MOJeJIM B 3Hade- 
HHe 4acTOCTH JOMOUHHTeIbHOrO pucka. Tak Kak 
KkosmdulueHt Db 7oWKeH ObITb BCerya NWOuO%*K- 
TCJIbHbIM WICHOM, TO HeOOxXOyZHMO coOsFOZeHHe 
cileyyromlero ycnoBua — ge, ;/D2 > ge,2/D), a D; > 
D> umm ge, /D2< ge,2/D;, a D; < D2. Kosdduun- 
CHT @ BCera MOXKHO paccCuHTaTb Kak TMOJO%KH- 
TeIbHoe 4nc0. Ecun D = 0, To u ge = 0. 

OcylllecTBJIeHHe pacuyeTOB 4YaCTOCTH JONMOIH- 
TeJIbHOrO PHCKa C HCHONb30BaHHeM Modenu Beu- 
dyina-[ HedeHKO, TipeswMouararoulen yaeT cTeneH- 
HOW (OKCHOHCHIIMaIbHOH) 3aBHCHMOCTH MeKILy 
HO30H HU 3eKTOM, MO3BOJIMIIO YCTaHOBUTb Cie- 
WYyroulue 3aKOHOMePpHOCTH: eCIM O3bI WepBoro 
BelljecTBa HW BIOporo NpHOMM3UTeIbHO OAMHAaKO- 
BbI, TO, YEM MCHbILMe PasHOCTh M@XKAY YaCTOCTbIO 
IlepBOrO BellleCTBa HW YACTOCTbIO BTOPOroO Bellle- 
CTBa, TEM YaCTOCTb HeOarONpHATHBIX 3IPMeKTOB 
OT MHMKaTOpHOrO BelllecTBa MeHbille. Uem 
MeHbIMe COOTHOMICHHE JJO3bI IIepBOrO Bell[ecTBa K 
O3€ BTOPOrO BeleCTBa, TEM 4acTOCTb HeOsaro- 
IIPHATHBIX 9PeKTOB HuKe. Tak Kak KoodduMu- 
eHT b TOIKeH OBITS BCerda MOJORKUTeEIBHBIM 4WIe- 
HOM, TO HeEOOXOJMMO BbIIIOJIHeHHe CJIeyrOllero 
ycyloBHa: ecmu D; > D2, TO ge,; > gée,2; ecm D) < 
D>, TO ge,1 < ge,2. KosdduluentT a Bcergyja MOXKHO 


PpaCCdHTaTb Kak TMOJIOHKUTCIIBHOC GUNCJIO; CCJIM D= 





teria for the establishment of the list of priority 
substances were the availability and accessibility 
of adequate data on substances, affected popula- 
tion and toxicity. 

The use of linear-quadratic model allowed 
formulating the following intermediate conclu- 
sions: the frequency of occurrence of additional 
risk depends on the dose — the higher the dose is, 
the higher the probability of health risk is. The 
higher the dose of toxicant (D) 1s, the lower the 
coefficients a and b are, the reduction of which 
leads to an increase in the contribution of the 
quadratic term to the value of health risk frequen- 
cy. The lower the dose of a toxicant (D) is, the 
closer the value of the quadratic term to 0 1s, 
which leads to an increase of the contribution of 
the linear part of the model to the value of the rel- 
ative frequency of additional risk. Since coeffi- 
cient b must always be positive, the following 
conditions must be met: ge, ;/D2 > ge,/D), a D; > 
D2 or ge, /D2< ge,2/D}, a D; < D2. The coefficient 
a can always be calculated as a positive number. 
If D = 0, then ge = 0. 

The calculation of the frequency of additional 
risk using Weibull-Gnedenko model, assuming the 
account of power (exponential) dependence be- 
tween dose and effect, allowed us to establish the 
following regularities: if the dose of the first sub- 
stance and the second one are approximately the 
same, then the smaller the difference between the 
frequency of the first substance and the frequency 
of the second substance is, the less frequency of 
adverse effects of the indicator substance is. The 
lower the ratio of the dose of the first substance to 
the dose of the second substance 1s, the lower the 
frequency of adverse effects is. Since coefficient 
b must always be positive, the following condi- 
tion must be met: if D; > D2, then ge,; > ge,2; if 
D; < Doz, then ge,; < ge,2.. The coefficient a can 
always be calculated as a positive number; if D = 
Q, then the frequency of the health risk is 0. 
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QO, TO MW YaCTOCTb PUCKa 30POBbiO paBuHa 0. 

OOoOWIMB OCHOBHbIC pe3yIbTaTbIl WpakTu4e- 
CKOrO IIPHMeHeEHHA MOJesIeH, MpeCTaBJICHHBIX B 
padotax II. A. BaraHopa, MoxKHO cdopmMyIMpo- 
BaTb CJI€YIOUMe OCHOBHBIe BBIBOBI: 

— ykKa3aHHble MOJeIM He YAMTHIBAIOT (U3HKO- 
XMMHMYeCKHe OCOOCHHOCTH BELIeCTB, CIOCOOBI I0- 
CTYIJICHHA B OpraHH3M 4YeOBeKa (WHTasAWMOH- 
HbIM, WepOpasIbHbIM, HAKOXKHbIM), WOJIOBO3PacTHBIe 
OCOOeHHOCTH OpraHH3Ma; 

— He€BO3MO2%KHO OICHHTb BO3JJeMCTBHe BCex 
MOTCHUMAJIBHO BPeCHBIX BEIIeCCTB; 

— BCCCTOPOHHAA OMeHKa PUCKa BO3eHCTBUA 
Ha 3JJOPpOBbe YeJIOBeEKa TOKCHKAHTOB XOTA H 2KelIa- 
TeJIbHa, HO pealIbHO HEOCYIIeCTBUMa H3-3a OOJIb- 
IWOro OObeMa UCCIIeOBaHuA WU TpeOyeMbIx MaTe- 
PHaJIBHBIX PeCypcoB, a TakK2Ke H3-3a OTCYTCTBUA 
aJIeKBaTHbIX JIAHHbIX OO YPOBHAX BO3JJeEHCTBUA U 
MOTCHUMANIbHON OMACHOCTH psa XMMHYeECKHX CO- 
eyMHeHUN; 

— pacuéThI 10 OOCHM MOJICJIAM HCKaxKalOT BBI- 
XOJIHbIe JJaHHbIe. OTHAKO, JIA ONCHKUM pucKa 30- 
POBbIO OT BeIIIeCTB, MOCTYMarolllux B OKpy7Kato- 
ItylO cpeyly, OobMIe NOAXONIMT UCMOb30BaHve 
JIMHEMVHO-KBapaTH4HOK MOJeIIM 3a CUCT BO3MOXK- 
HOCTH y4éTa JIMHCMHOM 3aBHCHMOCTH Me@XKLy 0- 
30H 4 39ddeKTOM OT Hee. 

B wWelIoM, Ha OCHOBaHHN BbIILIeH3J10x%x*CHHOrO 
IIpeACTaBsIAeTCA, 4UTO HAayYYHO-MeTOAMYeCKHe TO]- 
XOJIbI JIA OL[CHKU PHCKa 3J,0POBbFO B CJlydae M0- 
POrOBbIX BeIIeCCTB JOJDKHbI YAMTbIBATb HU OTpa- 
*KaTb: 

— 9KCIIO3HIIMIO BO3SJCMCTBYFOMerO BelleCcTBa 
(IIyYTb, BDCMA, KOJIM4eECTBO); 

— KOMIIJICEKCHOCTb, KOMOMHMPOBaHHOCTS, 
MHOFOCcpeJOBOCTb TMOCTYIJICHHA BeIIeCTBa B Op- 
TaHi3M 4eJIOBeKa; 

— cCHOCOOHOCTb BelljecTBa TpeBpalijaTbca u 
OOpa30BbIBaTb CJIOXKHbIC COCJIMHCHUA B BO3JLYII- 
HOM IIpoctpauctse [6]; 

— lTIpeybicTopuro 3a00ueBaHHH eloBeKa U 
HbIHeIIHee COCTOAHHE 3J10POBbA (BO3MO2%KHO 3a- 
IIOJIHCHHe AHKeTHI OOCIIeTyeMbIM) [7]; 

— Maccy Tella 4eJIOBeKa; 

— TIOJIOBO3PacTHble OCOOCHHOCTH OpraHi3Ma; 

— HeJIMHeHHY!0 CBA3b ME@X*KILY BEJIMYMHOU JO3bI 


09://bps-journa 





ru Tr 


Summarizing the main results of practical ap- 
plication of the models presented in the works of 
P.A. Vaganov, it is possible to formulate the fol- 
lowing main conclusions: 

- these models do not take into account physi- 
cal-chemical characteristics of substances, ways 
of entering human body (inhalation, oral, skin), 
age and sex characteristics of a body; 

- itis impossible to assess the impact of all po- 
tentially harmful substances; 

- a comprehensive health risk assessment of 
toxicants influence, although desirable, is not fea- 
sible due to the large amount of research and ma- 
terial resources required, as well as the lack of 
adequate data on the levels of exposure and po- 
tential hazard of a number of chemical com- 
pounds; 

- calculations on both models distort the out- 
put data. However, to assess health risk from sub- 
stances entering the environment, it 1s more ap- 
propriate to use the linear-quadratic model due to 
the possibility of taking into account the linear 
dependence between the dose and the effect on it. 

In general, on the basis of the above men- 
tioned, it appears that scientific and methodologi- 
cal approaches to health risk assessment for 
threshold substances should take into account and 
reflect: 

- exposure of influencing substances (path, 
time, number); 

- complexity, combination, multi-mediality of 
the substance in the human body; 

- the ability of the substance to develop and 
form complex compounds in the air [6]; 

- past medical history of a human and the cur- 
rent state of health (it is possible to fill in the 
questionnaire) [7]; 

- body weight of a person; 

- age and sex characteristics of a body; 

- non-linear connection between the magni- 


tude of dose and effect, determined by it. 
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UW 9MeKTOM, e1O OOYCIOBIMBaeCMOM. 

Kpome Toro, OCHOBHOe OL|eHOUHOe ypaBHeHHe 
OJDKHO Oa3MpoOBaTbcaA Ha ypaBHeHHAX JIMHeHMHO- 
KBalIpaTH4HOU MOM, MOCKOJIbKY OHA MO3BOJIACT 
HOuy4aTb, MO-BUMMOMY, HanOolee OObeEKTHBHBIC 
pe3yIbTaTHI, JOMOJIHCHHeEM KOTOPON OIDKHAa OBITS 
CHCTeMa ypaBHeHHif, MO3BOJIAIOWIUX YUHMTbIBaTb 
HeOOXOJIMMBIe BBIIMLIeCHepeYHCICHHbIe YCJIOBHA 
llapaMeTppI. 

C pyro CTOpoHbI, WWIAa pelleHua mpo- 
OJIEMBI YXYAWIeCHHA KayYeCTBa OKpyKalolllel CpeybI 
HeOOXOJMMO Y4HTBIBATb HE TOJIbKO AaHTPOMOreH- 
Hoe BIIMAHMe Ha Hee, HO H pacCMaTpHBaTb Tak 
Ha3bIBACMY!O IIPHPOJHY!IO COCTABJIAIOLWLYIO OKpy- 
*Karomlen cpeybl. IIpu sTOM ee UcCceqOBaHve U 
yuer TIpu 
reorpam@uyeckoH OLeCHKH, OYeBH HO, MO3BOJIMT 


OCYIIeCTBJICHHU IKOJIOLO- 
TOJydaTb M@aKCHMaJIbHO OOBECKTHBHBIC pe3ylIbTa- 
TbI. B 3TOM CBA3H IIpeyCTaBsAeTCA euecooopa3- 
HbIM pa3paOoTKa MeTOAMKH OLeCHKH KIMMaTH4e- 
CKOHM KOMMOPTHOCTH TeppuTOpUH, KOTOpasd Oa3H- 
pyeTca Ha COOTBeTCTBYFOMNeH KOHIeCHWMH KJIMMa- 
THYeCCKOH KOMMOPTHOCTH HM BKJIIOUACT PA, WOKAa- 
3aTeIeH yueTa BIIMAHHA IIpMpoHOM cpeybI Ha 4e- 
mosBeka [8, 9]. 

Mertoyuka nmpeyqmosaraeT pacueT payja OuoMe- 
TEOPOJIOrMYeCKUX TWOKa3aTeuen, a TakoKe OlIpese- 
eHue U UATeplipeTauMio MHTerpasibHOro MO0Ka3a- 
TeJIA KIMMaTHuyeckou KoMoptTHoctTu (MITbK). 

B yacTHOcCTH, Ha IepBOM 9Tale OlleHHBaeTCA 
TeIJIOBOe BO3JIEHCTBHe Ha OpraHi3M Ip MOMOIIM 
TaKHX  WapaMeTpOB, Kak:  9KBUBaJICHTHO- 
acddekTHuBHad TemilepaTypa (ET), Ouonormyuecku 
aKTUBHad Temilepatypa (bAT), paqualMoHHas 9K- 
BUBaJICHTHO-3MeKTHBHaA TeMiepaTypa (PIIT), 
CaJIbqO TelIOBoro OaslaHca Teja 4eoBeKa (Q). 
BrTopou 9Tan peaM3allu4v MeTOAMKU Npesznouara- 
CT OCYIIIeCTBJICHHe ONeCHKH CTelMeHH WaTOreHHo- 
CTH MeTeoycoBuH (1). Ha Tpetbem 9Tatie mpeyy- 
CMaTpuBaeTCA OleHHBAaHHe IOTeHWMalla CcamMo- 
OUMINeHUA ATMOCHepsI (KM). 

VntTerpabHpii §=oKa3aTeIb §=OvOKIMMaTHYe- 
CKOM KOM@OPTHOCTH, Kak MTOr pealM3al[uu OMu- 
CaHHOM MeTOJIMKH, WpesiaraercaA OlpeyeiAaTb B 
BHJIe CYMMBI OasJIOB OHMOKIMMATHYeCKON OLCHKH, 


MOJY4CHHbIX Ha Tpex dTalax. Pa3spaOoTaHHbIit HH- 





In addition, the main estimation equation 
should be based on the equations of the linear- 
quadratic model, since, apparently, it allows ob- 
taining the most objective results, supplemented 
by a system of equations, allowing taking into 
account the necessary conditions and parameters 
listed above. 

On the other hand, to solve the problem of en- 
vironmental degradation, it is necessary to take 
into account not only the anthropogenic impact 
on the environment, but also to consider the so- 
called natural component of the environment. At 
the same time, its research and taking into ac- 
count in the implementation of environmental and 
geographical assessment, obviously, will allow 
obtaining the most objective results. In this re- 
gard, it is advisable to develop a methodology for 
assessing the climatic comfort of the territory, 
which is based on the relevant concept of climatic 
comfort and includes a number of indices for the 
influence of the natural environment on humans 
[8, 9]. 

The methodology involves the calculation of a 
number of biometeorological indicators, as well 
as the definition and interpretation of the integrat- 
ed indicator of climatic comfort (ICC). 

In particular, at the first stage, the thermal ef- 
fect on the body is estimated using such parame- 
ters as: equivalent-effective temperature (ET), 
biologically active temperature (BAT), radiation 
equivalent-effective temperature (RQET), the 
balance of the thermal balance of the human body 
(Q). The second phase of the methodology in- 
volves assessing the pathogenicity degree of 
weather conditions (I). The third stage involves 
assessing the potential for self-purification of the 
atmosphere (Kim). 

As a result of the described technique, the in- 
tegral index of bioclimatic comfort is proposed to 


determine in the form of the sum of bioclimatic 
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TerpasIbHbIM MOKa3aTeJib, MPeACTAaBIAIOWIMH COOOK 
CYMMy OaJWIOB BCeX Tpex 9TAaMOB OICHKUM KJIMMa- 
THYeCKOH KOMMOPTHOCTH, YHUBepcasieH JIA JIKO- 
Oo UCcCIeqyeMOH TeppuTOpuU VU MO3BOJIAeCT BBI- 
ABUTb TakKHWe XapaKTepHCTHKH, Kak: KOM(@ODNT, 
JMCKOM@OpT MW YyMepeHHbIM ucKOM@opr. IIpu 
9TOM YYTCHO BaKHOe BJIMAHHe COOCTBeEHHO Me- 
TEOPOJOrMYeCKUX (aKTOPOB Ha 3JJOPOBbe, a TaK2Ke 
BO3MOXKHOCTh CHWKCHHA 3alpxA3HCHHOCTH TPOrO- 
cibepbi BCeICTBHe ee NOTCHIWMasa K CaMOOUMIITe- 
HUI. 

OueBH HO, 4YTO JaHHoOe MpeycTaByeHuve O He- 
OOXOJMMOH pealM3alvyu Tpex 9TallOB OLeCHKH 
KJIMMaTH4eCKOU KOMOPTHOCTH, a TakoKe IIpHHA- 
THe BO BHMUMaHve TakKux OMOMeTeEOpOMOrM4ecKux 
WHJICKCOB HW WOKa3aTeyieH, Kak ET, BAT, POOT, 
Qs, I, KM, aBiIaeTCA ABTOPCKUM TIOJXOJIOM K pe- 
IWCHHIO TpOOJIeEMbI pa3spaOoTKH MoKa3zaTea yio- 
MAHYTOU OLCHKUH. 

3akso4eHne. B 3aKkJIKOUeCHHH CTONT OTMe- 
THTb, 4YTO pa3padoTaHHbIe MOAXObI MO3BOJLAT 
OI[CHHBaTb PUCK 3J0POBbiIO HaceJIeHuA, CBA3aH- 
HbIM C AHTPOMOreHHOUW COCTAaBIIAKOMIeH, a OPHIu- 
HaJIbHaa KOHICHIIHA OI[CHKU 9IKOJIOFO- 
KIIMMaTH4eCKOH KOMMOPTHOCTU OOeCIIeYHT BCe- 
CTOPOHHOCTh yyeta (PakTOPOB NPUpoOAHOU cpesbI, 
4TO, B CBOIO OY4epe;b, OyeT CIOCOOCTBOBATh M0- 
BbIMICHHIO + OObCKTHBHOCTH OCYII[CCTBJIACMBbIX 
OICHOK, HallpaBJICGHHbIX B KOHCYHOM UTOre Ha 
yiyulleHve KavecTBa %KH3HH HaceJIeHua B paM- 
KaxX aKTyaJIbHOrO «YCTOMYMBOLO pa3sBHTHA 4elI0O- 


BCUCCTBA>>. 
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evaluation obtained at three stages. The devel- 
oped integral index, which is the sum of all three 
stages of the of climatic comfort assessment, is 
universal for any area and allows you to identify 
characteristics such as comfort, discomfort and 
moderate discomfort. This takes into account the 
important impact of meteorological factors on 
health, as well as the possibility of reducing the 
pollution of the troposphere due to its potential 
for self-purification. 

It is obvious that this idea of the necessary 
implementation of the three stages of climate 
comfort assessment, as well as taking into ac- 
count such biometeorological indices and indica- 
tors as ET, BAT, RQET, Qs, I, Km, is the au- 
thor's approach to the problem of developing an 
index of the mentioned assessment. 

Conclusion. In conclusion, it should be noted 
that the developed approaches will allow you to 
assess the health risk associated with the anthro- 
pogenic component, and the original concept of 
environmental and climatic comfort assessment 
will provide a comprehensive account of envi- 
ronmental factors, which, in turn, will contribute 
to the improving the assessments objectivity, 
aimed ultimately at improving the quality of life 
of the population within the framework of the 


current "sustainable development of humankind". 
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B HacTosmenw padoTe pa3BUBarOTCA JIOrMKO- 
BeCPOATHOCTHBIN MW JIOTHKO-BO3MOXKHOCTHBIM CI0- 
COObI OI[EHHBaHHA Oe30TaCHOCTH H OOOCHOBAaHHA 
3JJOPpOBbA B CHCTeMe Bua «cpeya — OObeKT — 
3allutTa — cyObeKT». B mpeazmouoxxeHHu O MO- 
HOTOHHOCTH W3MeHeHHA 93ddeKTOB evCcTBHA 
pa3JIM4HbIX BPeHbIX (aKTOPOB pa3paboTaHa HO- 
Bad (akTOpHad WHTepBasibHad KOHIMCHIMA, 103- 
BOJAFOWIaA YHADUUMpOBaHO OMMCbIBaTbh apa- 
MeTpHYeCcKHe Tpe/IOCbIIKH IpOMCIIecTBHM Cc 
TIOMOINIbIO HHTePBaJIOB BOCIIPHUMUMBOCTH Ha Oc- 
HOBe IIPHMCHEHHA CJIMHOM MOJIeJIM «BO3}eHCTBHe 
— ocyadOmeHve — BOCIIPHUM4MBOCTH»>. Ilomy- 
YeCHHbIe AaBTOPaMH 3aBMCHMOCTH JIA BepOAT- 
HOCTHOM MH BO3MO2%KHOCTHOM Mep BepIIMHHBbIX UC- 
XOJIOB TO3BOJIAIOT paCC4HTHIBaATbh TWOKa3aTeJIH 
Oe30IaCHOCTH HW OOOCHOBBIBaTb CHOCOOBI U cpes- 
CTBa 3all[MTBI. 
Kuno4espbie c10Ba. be3omacHoOcTb CHCTeMBI, 
IIPOMCIIeCTBHe, BeEPOATHOCTb, BO3MO?%KHOCTHAA 
Mepa, OxpaHa 30pOBbA, <«BO3JIeHCTBHe — 
BOCIIPHHM4MBOCTb»> 

Bpejenne. M3BecTHOo, 4TO K MepBOCTeIIeCHHbIM 
3aqauaM B OOacTH TexXHOCHepHOH U IKOIOrM4e- 
CKOM Oe30NacHOCTH WM PHCKa OTHOCATCA Takue 
3amaun Kak: 1) cTraHyapTu3aitua u (uM) yAudu- 
Kalua WOKa3aTeen Oe30NacHOcCTH (pucKa) HU Me- 
TOJIOB UX pacuetTa, KaK JIA THIMOBBIX (CTaTHCTH- 
yecKW ONMCaHHbIX) [1, 2], Tak uM Id HETHIMOBBIX 
(<YHUKaJIbHbIX>> WIM CTATHCTHYeCKH TIOXO Oby- 
CHOBJICHHBIX) TEXHH4eECKHX UM (WIM) IKOMOIM4e- 
CKHXx cuctem [3—5]; 2) MoctpoeHue U HakorsIeHue 


THHOBBIX JIOPHAICCKHX HW WapaMeTpHdeCCKHX MOJTC- 
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The paper develops logical-and-probabilistic and 
logical-and-possibility methods of safety evalua- 
tion and health substantiation in the system of 
"environment — object — protection — subject". A 
new factorial interval concept allowing us to de- 
scribe parametric prerequisites of incidents with 
the help of susceptibility intervals on the basis of 
application of the unified model “influence — 
weakening — receptivity" is developed assuming 
monotonicity of parameters change of various 
factors. The obtained dependences for probabilis- 
tic and possible measures of vertex outcomes al- 
low us to evaluate safety indicators and justify the 


methods and means of protection. 


Keyword. System safety, probability, accident, 
health, «influence-susceptibility». 


Introduction. It is known that the primary 
tasks in the field of technosphere and environ- 
mental safety and risk include such tasks as: 1) 
standardization and (or) unification of safety 
(risk) indicators and methods of their calculation, 
both for typical (statistically described) [1, 2] and 
for non-typical ("unique" or statistically poorly 
conditioned) technical and (or) environmental 
systems [3-5]; 2) construction and accumulation 


of typical logical and parametric models of vertex 
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eH BepIMIMHHbIX HCXOJOB (IIpOncIecTBHM UII 
apapni) [6, 7]; 3) pa3padoTKa u anpobalMa pa- 
BHI Bepudukauuun [8-10] Ha ocHoBe cpaBHH- 
TEJIBHOLO aHasIN3a Pe3yJIbTaTOB pacueTa BepoOAT- 
HOCTHbIX HM BO3MO%KHOCTHBIX TOKa3aTeIen Oe3- 
OMaCHOCTH U puckKa. 

JjaHHasa padota NOcBALIeHa HW3J1I0%KeHHIO C HH- 
*KCHEPHBIX MOSHIIMM WU MOCTPOeHUFO Ha MpuMepe 
TlapaMeTpHY4eCcKHX YCIOBUM BO3HUKHOBeCHHA TIpo- 
MCIICCTBUH MW UX MpeszMOcBIIOK. II]pu 3TOM Lesbro 
paOoTbI ABJIAeTCA pacliiMpeHue OOsIacTH TpuMe- 
HeHHA UW UCIONb30BAHHE OUCBUAHbIX IIpeuMy- 
INe€CTB TapaMeTpHy4ecKOH MOEN «BO3TeHCTBHe 
— ocuadjeHuve — BOCIIPHHM4MBOCTb», 4TO 1103- 
BOJMIO pa3spa0oTaTbh HHTePpBasIbHY!O KOHILCHIIMIO 
OI[CHKH Oe30TaCHOCTH U 3JJOpOBbA. 


IloctaHoska 3aqa4uHM. B pamMKax CHCTeMBI 
«CyObeKT — OObeEKT — 3allluTa — cpeya» [5, 10] 
IiIpeycTaBuM OOOOMIeCHHY!O aHasIMTH4eCKy!O MO- 
Web Ipolecca Bua «BO3qeHCTBHe — paciIpo- 
cTpaHeHue — nmpoxoxyeHue — ocadseHue — 
3alllMTa» CEYIOULUM 00pa30M: 
I(p, t) = Ip -exp(—p/po)-exp(—x/19)-exp(-t/t 0), (1) 

roe J) — amnummtTyyqa mporecca; (p/po) — 
TeOMeTpHYecKHH akTOp, KOTOPbIN C y4eTOM 
OO03HaYeHHA P,=P/pp Yale BCero MIpeCTaBIAIOT 
OJHUM H3 BbIpaxkeHHn: (p/po)=1/pn’. l/p, wm 
exp(—-Pn); O(x/lo) — dyHKuMA OCHaONeHHA po- 
wecca B 3aluTe (perpaye) ToMMHOK |p; ©,(f) 
— BpeMeHHad (opMa Tmporecca Kak peakUMaA Ha 
BO3JICEHCTBHe B BUJe CTYMCHbKU WIM B BU JesIb- 
Ta-MMIIyJIbCa. 

B tpocteiilieM W31I0%KeHHU C y4eTOM ocia6b- 
NCHA TapaMeTp BO3JeHCTBUA HAaXOJAT M0 3aBH- 
CUMOCTH 

s=f'v, (2) 

rye v — lapamMetTp BO3eNCTBHA U3BHe; f — 
(DYHKIMA OcNaOIeHHA, 3aqaHHat Ha WHTepBasie 
[O, 1]. 

IIpu 9STOM OHOMapaMeTpHyecKy!O MOJIeJIb 
«BO3CHCTBHe — BOCIIPHHMYMBOCTb» IpeyicTaB- 
NAKOT B BUe «Ss — 1)». 

3aMeTUM, 4TO 3aBMCHMOCTH (1) u (2) IpuMe- 
HAIOTCA JIA ONMCAHHA WapaMeTPOB BO3eMCTBHA, 
OcHaOJIGHHA UW BOCIIPHUMYMBOCTH OOJIbINIMHCTBa 
BUOB (aKTOPOB, HallpHMep, TaKUX KaK MeXaHu- 
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outcomes (incidents or accidents) [6, 7]; 3) devel- 
opment and testing of verification rules [8-10] on 
the basis of comparative analysis of results of cal- 
culation of probabilistic and possibility safety and 
risk indicators. 

This work is devoted to the statement from 
engineering positions and construction on the ex- 
ample of parametric occurrence conditions of in- 
cidents and their prerequisites. At the same time, 
the aim of the work is to expand the scope of ap- 
plication and use of obvious advantages of the 
parametric model "influence — weakening — 
susceptibility", which made it possible to develop 
the interval concept of safety and health evalua- 
tion. 

Problem statement. Within the system "sub- 
ject — object — protection — environment" [5, 
10] we present a generalized analytical model of 
the process of the type "influence - distribution - 
passage — weakening - protection" as follows: 
I(p, t) = Ip -exp(—p/po)-exp(—x/Ip)-exp(-t/t 9), (1) 

where Jy is the amplitude of the process; 
(p(p/po) 1s a geometric factor which, taking into 
account the notation p,=p/po is often represented 
as one of the expressions: (P/po)=1/Pn’. 1/p, Or 
exp(—Pn); Oi(x/Ip) 1s a function of the weakening of 
the process of protection (barrier) with a thick- 
ness of /p; @,(t) is the temporal form of the pro- 
cess as a reaction to the influence in the form of a 
step or in the form of delta pulse. 

In the simplest manner taking into account the 
weakening, the influence parameter is found ac- 
cording to the dependency 

s=fv, (2) 

where v is the external influence parameter; f 
is the weakening function defined on the interval 
[O, 1]. 

Here one-parameter model "influence — sus- 
ceptibility" is in the form of "s — r". 

We should note that dependencies (1) and (2) 
are used to describe the parameters of influence, 
weakening, and susceptibility of most kinds of 
factors, such as mechanical, thermal, chemical, 
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YeCKHHU, TeMIOBOM, XAMM4CCKHH UW Pu3M4eCKHH. 

Pellenne 3aaun: CilyuanHble MapaMerppsl. 
Jia OlMCaHWA OCHOBHBIX BepINMHHbIX HCXOJIOB 
(COCTOAHHe 3J,0POBbA, COCTOAHMe OoOe3HU, Je- 
TaJIbHbIM UCXO) pa3paboTaHa JIMHeiKa lapamert- 
pH4ecKHX MOJesIeH, MOCTPOCHHBIX Ha OCHOBE Ia- 
PaMeTPOB BO3JIEMCTBUA, OCIAaOJIGHHA MW BOCIIPH- 
umMunupoctu (puc. |). U3 pucyHka BUAHO, YTO C 
yueTOM (YHKIMM OclIaOseHHA WapaMeTpbl BO3- 
JICHCTBUA MOryT JOCTUTaTb UW IpeBbIlaTh MWapa- 
MeTPbI BOCIIPHHMYMBOCTH UH, CJICOBATeJIbHO, 
ONMChIBaTh TpaHuIbl UW Bapvalluu OCHOBHBIX 
BepIIMHHbIX MCXOJIOB (IIPOMCIIeCTBHM) B CHCTe- 
Me. 





and physical. 

Solution to the problem: random parame- 
ters. To describe the main vertex outcomes (state 
of health, state of disease, death) we have devel- 
oped a range of parametric models that are based 
on the parameters of influence, weakening and 
susceptibility (Fig. 1). It can be seen from the fig- 
ure that, taking into account the weakening func- 
tion, the influence parameters can reach and ex- 
ceed the susceptibility parameters and, therefore, 
describe the boundaries and variations of the 


main vertex outcomes (incidents) in the system. 
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Puc. |. Jjemonctpatina MpuMeHeHHA BEPOATHOCTHOM MapaMeTpuuecKOuN MOEN 


«BO3J[ICEHCTBHe — BOCITDPHUMUMBOCTb>> B TWalla30He BOSHUKHOBCHUWA BCPUIMHHbIX HCXOJIOB OT TDaBMBI 


(3a00u1eBaHHA) JO KLPUTM4ECKOLO WIM JeTasIbHOrO UCxosa, 





OINMCbIBAaeMBIe C/leBa HalpaBo BapWaHTaMu: a), 6), B), I) 


Fig. 1. Demonstration of usefulness of the probabilistic parametric model "influence-susceptibility" 


in the range of vertex outcomes from trauma (disease) to critical or fatal outcome, 
described from left to right by options: a), 6), 6), 2) 


CHayalia MpeMO0%xXUM, YTO MapaMeTpbI BO3- 
eHcTBuA, oclaOneHua UW BOCHpPHUM4NBOCTH 
IIpeCTaBIAKOT COOOH Cy4aMHble BeIM4HHBI (Cc. 
B.) C HOPMA@JIbHbIM 3aKOHOM paciipeyeseHua 
(H. 3. p.). Ha ocHoBe NapaMeTpHyeckou MOEN U 
YCHOBHA IIPeBbILMeCHHA BO3eCMCTBUA s Haj, BOC- 
IIDPHUMUMBOCTHIO F OIpeeIMM BeEPOATHOCTH pea- 
NM3allMH BeplIMHHOrO ucxoya x=1 B Tponciiie- 
cTBuu Pro(x=1)=Pro(s>r) Tak, Kak onucaHo B [5, 
9]. 

BBeleM HOBy!O TlepeMeHHytO Z=S—r, KO- 
Topad TakxKe paciipeyeseHa 10 HOPMAaJIBHOMY 3a- 
KOHY C MaTeMaTH4eCKHM OX*KUTAHWeM M=Ms— My, 


MW WpeoOpa3yem 3ayavy K BUY: 


Pro(s—r>0)= i. e(r)| fl. p(s)ds|dr. (3) 

PaccMoTpuM Ooslee MOAPOOHO ciy4an, Ipous- 
JOCTpHpoOBaHHble Ha puic. |, a u puc. |, 6, yau- 
ThIBAad YCIIOBUA: 


Ns<My-—MN,=Ms5—M,-<O. (4) 





Ful a 


First, let us suppose that the parameters of in- 
fluence, weakening and susceptibility are random 
variables (RV) with the normal law of distribu- 
tion (NL. D.). On the basis of the parametric 
model and the condition of exceeding influence s 
over the susceptibility r, we determine the proba- 
bility of the vertex outcome x=1 in incident 
Pro(x=1)=Pro(s>r) as described in [5, 9]. 

We introduce a new variable z=s—r, which 1s 
also distributed by the normal law with mathe- 
matical expectation m=m,— m, and convert the 
problem to the form: 


Pro(s—r>0)= i o(r)| fl. o(s)ds|dr. (3) 


Let us consider in more detail the cases illus- 
trated in Fig. 1, a and Fig. 1, 6, considering the 
conditions: 

Ns<My—MN,=Ms5—M,-<0. (4) 





Bpeyem yHKIMIO paciipeyesIeHua BepoATHO- 


CTH (Zz) MW Ha OCHOBAHHU TabyMpOBaHHOrO UH- 
Terpasia BeposTHOocTenH M(x) [11] Berpaxenne (3) 
IIpeJCTaBUM B BU Je: 
Pi1(u)=Pro(z>0)=0.5—O((m,—m,)/ 
(2, +0%,)”)=0.5-B(u), (5) 
rye Wapametp 
u=(m,—Ms)(O7,-+0%.). (6) 

IIpescTaBlIAeT COOOM BEPOATHOCTHBIM «IIpuBe- 
JICHHbIM WapaMeTpuyeckuh 3allac Oe30nacHOcTH»» 
(3b) [9, 10], Beraucuaempm kak OTHOMIeHHe 
pa3HOCTH MaTeMaTHYeCKHX OKUTAHHH BO3eH- 
CTBHA WM BOCIPWMHM4MBOCTH K HX CYMMapHOMy 
CpeHeKBayIpaTH4eCKOMY OTKJIOHCHHW (C. K. 0.). 

HevetTkoe tpescraBsienHe mapametpos. B 
NMHCHHOM aliIpOKCHMalIMH TlapaMeTpoOB BO3J[eH- 
CTBHA S WM BOCIIPHHMUMBOCTH fF KaK HCYCTKUX Be- 
NM4HH (B HadMeHee HHMOPMaTHBHOM BapHaHTe 
UX TOJYYeHHA) BOSMOXKHOCTHAA Mepa IIpeBbIllle- 
Hua Pos(x=1)=Pos(s>r) ollpeyqesseTca 3 3aBH- 
cumocrTy [5]: 

tL;=Pos(s>r)=1—zb, (7) 
rye z> — «lIpvBeJeHHbIM 3allacy Oe30MacHo- 
CTH: 
zb=( r— s)/(Ar+As), (8) 

B KOTOpoM rH s — «Apa» HeyeTKUX Mapa- 
MCTPOB BOCIIPHHUMUUBOCTH FU BO3XCHCTBHA S CO- 
OTBeETCTBeHHO; Ar u As — «MHTepBaJIbI pasMbITO- 
CTH» WIM aOCONKOTHbIC MOMpeliHOCTH MpeyicTaB- 
Ne@HUA, KOTOPble Ip rumoTese O H. 3. Pp. C. B. 
papHbr 3 curma (c. K 0.) C ypoBHeM jlOoBepua 
0.997 [5, 8]. 


[u(s) (1) 
u(s/TLIB) 





s=0, ] 


0,5 T=] 


We introduce the probability distribution func- 
tion @,(z) and, based on the tabulated probability 


integral D(x) [11], we present the expression (3) 


as: 
Pi(u)=Pro(z>0)=0.5—O((m,—m, )/ 
(o?,+0?,)”°)=0.5-B(u), (5) 
where the parameter 
u=(m,—ms)l(07+0%.)” (6) 


is a probabilistic "reduced parametric safety 
margin" [9, 10] calculated as the ratio of the dif- 
ference of mathematical expectations of influence 
and susceptibility to their total root mean square 
deviation (RMSD). 

Fuzzy representation of parameters. In lin- 
ear approximation of the parameters of influence 
s and susceptibility r as fuzzy values (in the least 
informative way of their determination), the pos- 
sible measure of excess Pos(x=1)=Pos(s>r) 1s 


determined from the dependence [5]: 


1tL;=Pos(s>r)=1—zb, (7) 
where zb is the "reduced margin": 

zb=( r— s)(Ar+As), (8) 
in which rand s — "nucleus" of fuzzy pa- 


rameters of the susceptibility of r and the influ- 
ence s, respectively; Ar and As — "fuzzy inter- 
vals" or absolute errors of representation, which, 
for the hypothesis of NL.D.R.V. are equal to 3 
sigma (RMSD) with the degree of belief 0.997 
[5,8]. 


u(r/TLIB) 


S/TUIB, r/T1IB 


Puc. 2. Heuerkaa napaMetTpwyeckad MOJeJIb BEPIIMHHbIX HCXOJOB Ha OCHOBE JIMHEMHOM anlmpoKCHMalluu PyHK- 


IMM IpHHayexHOCTH BO3eHCTBHA L(s) H BOCIPHHM4HBOCTH L(7) 


Fig. 2. Fuzzy parametric model of vertex outcomes on the basis of linear approximation of membership 


functions of influence \W(s) and susceptibility u(r) 


Ha ocHOBaHHH JIMHeMKH TapaMeTpwueckux 
MoyeneH (puc. 1), omucaHua TapaMeTpoB Kak He- 
YeTKUX BeJIMYHH, 3ABUCMMOCTeH (7), (8), a TakKxKe 
puc. 2 fa pa3spadoTKH MHTepBasIbHOW KOHIECH- 
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Tu — 


Based on the parametric models range (Fig. 
1), descriptions of parameters as fuzzy variables, 


dependencies (7), (8), and Fig. 2 for the develop- 





IMM OlCHHBaHHA OBO UCIOUIb30BaHO «Tpex- 


YPOBHeBOe» TpewcTaBeHue MapamMeTpuyeckon 
BapHallMu 3J}0pOBbA, Ooe3HH UM JIeTasIbHOrO UC- 
xoyja (puc. 3). OrmMeTuM, 4TO 9TO «TPEXypOBHe- 
Boe» peycTaBieHwe — MOJeuIb WIM «COOpKa» 
TlapaMeTpOB BOCIIPHHMYUBOCTH, OMMCHIBAaFOIIad C 
y4eTOM MOHOTOHHOCTH 90ddekT HapacTaHna 


omacHoOcTH pH yBeJIM4YeHHH BO3,eHCTBUA 
(Harpy3KH). 

K tpumMepam Takux «cOOpoK» MapaMeTpoB 
BOCIHPHMMUMBOCTH OTHOCATCA: 

1) «xapakTepHble» 3HadeHHA 9JIEKTPU4eCKOrO 
TOKA, 10 KOTOPBIM OlIpeeIAHIOT HUCXO], MoparxKe- 
HMA 4eJIOBEKa; 

2) WMHeMKa MOKa3aTeyeH WopaxeHuA padoT- 
HUKa OT JeHCTBUA XUMMYeCCKUX (PaKTOPOB TakKOro 
Buga Kak «IITJ[K — ObYB — kputuyeckni Mo- 
por BO3eUCTBHA»); 

3) MMHeMKa WOKa3aTeeHd TWopaxkeHua padorT- 
HMKa OT JIEHCTBHA 3JICKTPOMATHUTHBIX WIM MOHH- 
3MpYIOlIMx H3JIy4eHHuH; 

4) lopor CJIbIMIMMOCTH, OONeBOM HU KpuTHYe- 
CKMH MOporu akyCTHM4eCKHX HU BHOpalMOHHBIX 


BO3CHCTBHH. 


ment of interval concept of estimation the "three- 
level" representation of parametrical variation of 
health, illness and fatal outcome was used (Fig. 
3). Let us note that this "three — level" represen- 
tation is a model or "collection" of the suscepti- 
bility parameters, describing, taking into account 
the monotonicity, the danger increase effect with 
increasing influence (load). 

The examples of such "collections" of suscep- 
tibility parameters include: 

1) "typical" values of the electric current, 
which determine the outcome of human injury; 

2) the range of indicators of an employee's in- 
jury from the action of chemical factors of such 
type as “MPC- safe reference levels of impact -a 
critical threshold of impact”; 

3) the range of indicators of an employee's 1n- 
jury from action of electromagnetic or ionizing 
radiation; 

4) threshold of audibility, pain and critical 


thresholds of acoustic and vibration effects. 








Puc.3. TpéxypoBHeBoe pecTaBsIeHve BOCIIPHUMYMBOCTH OObEKTa HU (UII) CyYObEKTA K BO3JCHCTBUEO ONaCHbIxX 
WIM BPeCHBIX (PAKTOPOB UM COOTBETCTBYIOIIHe THM YPOBHAM CTeIHeHH TA2KECTH BEPIIMHHbIX UCXOJIOB 
(OmacHocTen) 


Fig.3. Three-level representation of the susceptibility of an object and (or) a subject to the effects of 
dangerous or harmful factors and corresponding to these levels of severity of vertex outcomes (hazards) 


OTMeTHM TaKKe, ATO BapWaHTbl BOSMOJKHOTO 
HapaCTaHvA UW YMCHbINCHHA TWapaMeTpoOB BO31eH- 
CTBHU TIpW HaJIMUMUN 3aldtWMTbl WO OTHOUICHHIO K 


JIMHeMKe WapaMeTpoOB BOCIIPHHUMUMBOCTH (puc. 1), 





ru or 


Let us also note that the options for the possi- 
ble increase and decrease in the parameters of 1n- 
fluence with protection in relation to the range of 
susceptibility parameters (Fig. 1) can be easily 





MOXHO JIeErKO y4eCTb Ha OCHOBaHHH 3aBHCHMO- 
cTeH (7), (8) H OMMCaTb C MOMOLIbIO puc. 2 u puc. 
>. 

YcrTaHoBJieHhe (paHH4HBlx YCOBHH 3aa4qn. 
IIpumMeHeHue 3aBucuMoctTer (7), (8) HOTPeOoBasIO 
yCTaHOBJICHHA HU YTOUHECHHA TpaHH4HbIX yCOBMN 
gayauv. PesyibTaTbl aHalM3a WU JJEMOHCTpalina 
TpaHWYHBIx YCIOBMM Id He4eTKON MapaMeTpuye- 
CKOM MOJIeJIM C BO3CMCTBHeM S HW BOCIIPHHMUMBO- 
CTbIO r IIpeCTaBJICHbI Ha puic. 4, 5. 





s=0,] 





considered on the basis of dependencies (7), (8) 


and described using Fig. 2 and Fig. 3. 


Kstablishing problem boundary conditions. 
The use of the dependencies (7), (8) required es- 
tablishing and clarifying the boundary conditions 
of the problem. The results of the analysis and 
demonstration of the boundary conditions for the 
fuzzy parametric model with the influence of s 
and susceptibility r are presented in Fig. 4, 5. 


U(r) 





r s.r 


Puc. 4. Jlemonctpatiua rpannyunoro ycrosua: eciu zb=1, To 7,;=0 


Fig. 4. Demonstration of the boundary condition: if zb=1, then 7;=0 
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Puc. 5. Jlemonctpatna rpanwyHoro ycroBua: ecum zb=0, To T,=1 


Fig. 5. Demonstration of the boundary condition: if zb=0, then 1j;=1 


IIpumep pellennsa 3aqaun. Ha npeqnpuaTuu 
110 HpOW3BOJCTBY IIaCTMaCCOBbIX W3eMH Ha 
paOoTHHKa jJ[eHCTByIOT XMMuYecCKHe (akTOpBI: 
okKcHy yruepona (CO), dopmManbyernuya (CHO) u 
auetanbaeruy (C2H,O). [na oO0cHOBaHUA cCTe- 
eH OesomacHOcTH paooT, a TakoKe JIA pa3pa- 
OOTKH HM OOOCHOBAaHHA TIPHMeHAeCMON 3all[HTHI 
Oblia MOCTaBsIeHa 3ajjau4a pacuéTa BO3MO%KHOCT- 
HOM Mepbl peaM3allMu CJIeYIOWMX BeplIMHHBIX 
ucxoyoB: BU1 — otpapnenue; BU2 — ynyutse; 
BM3 — metanbusil ucxog (JI). 

B xoge aHasIM3a WU WOATOTOBKH UCXOJIHbIX 
a@HHBIX peslouaraocb, Y4TO 3aBHCHMOCTH, 


as pDps-jyournhna 
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Example of problem solving. The following 
chemical factors influence an employee at the en- 
terprise for the production of plastic products: 
carbon monoxide (CO), formaldehyde (CH20) 
and acetaldehyde (C2HzO). To justify the level of 
work safety, and to develop and justify protection 
the problem was set to calculate the possibilities 
of the following vertex outcomes: VOI — poi- 
soning; VO2 — asphyxiation; VO3 — lethal out- 
come (LO). 

During the analysis and preparation of the ini- 
tial data, it was assumed that the dependence de- 
scribing the change or weakening of the parame- 
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ONMChIBAaIOIad H3MeHeHve WIM OcaOseHuve Ma- 
PaMeTpOB TPHMeHHTeIbHO K BbIOPaHHbIM Bep- 
IUMHHbIM UCcxoaM (2), ABIIAeTCA JIMHCMHOM, a 
llapaMeTpHyeckHe MOJIeJIM BepIIMHHbIX HCXOJIOB 
JIA BbIOPAaHHbIX HeraTHBHbIX (PaKTOPOB Ha IIpH- 
Mepe JICHCTBUA OKCHJa yrieposa WpesCTaBJIeHbI 
Ha puc. 6. 

Kak culeylyeT 43 JIeBou 4YacTH puc. 6 (BeplInH- 
HbIM Ucxoy 1), BO3HevicTBHe TO (MW Ha ypOBHe) 
3HadeHuA apa, paBHoro 10.5 mr/mM~ ZocToBepHo, 
IPH 9TOM BEPOATHOCTb MPOABJICHHA ITON BeIIM- 
4HHBI paBHa esuHuie. Ha ypopHe BepxHero 3Ha- 
yeHuaA (Ha ypOBHe O Cpe3a HJIM C Y4eTOM BBIIOJI- 
HeHHA WpaBusia «TpéX CHrM»>) BEPOATHOCTS IIpo- 
ABJICHUA BO3JICEHCTBHA MeHbIe WIM paBHa 0.003 
[3, 5]. [pu stom oTHOCHTeIbHad MOrpelltHOcTh 
IIpeICTaBJICHHA TapaMeTpOB UM BOCIIPHHMYMBOCTH 
WM BO3eHCTBUA paBHa 0=50 %. 

AJIrOpHTM HOATOTOBKH HW TWOuyIeHuA UCXO]- 
HbIX JIAHHBIX JIA PacueTa BO3MO2%KHOCTHBIX Mep 
BO3HHKHOBeCHHA Tpex BepINMHHbIX MCXOJIOB Ha 
lipHMepe JleHCTBHUA OKCHa yruiepoya Ha padoT- 
HUKa COepKal HWPKEMePpeC4MCJICHHbIe ITALIBI. 

1) BsrOop 3HayeHui WapamMetTpa BOCIIPHUM4H- 
BOCTH, a TakKxKe MOrpeliHocTeH ero mpeycTaBse- 
HUA JIA CICYIOIMX BEPIIMHHBIX UCXOJIOB. 

Bepmumuysl ucxoy (BUI) — orpapienne. 
BocnpWuM4uMBOCTbh K OTpaBJICHHIO BbIpakaerca 
yepe3 3HaueHHe ILJIK: n=20 mr/m’; aOcomotTHas 
TOrpeluwHOCTb pecTaBIeHuaA MapamMeTpa Boc- 
ipuumMunsoctu: Aj=d:n=0.5-20=10 Mr/M°. 

HywxKHad rpaHnila BOCIPHUM4MBOCTH OlIpeye- 
Iasacb 43 3aBucuMocTH r—Ajr, MI/M’, BepxHat 
rpaHula — 13 3aBucuMocTH 51+Aj5, MT/M. 

Bepmumuysi ucxoy (BU2) — yayutse. Boc- 
IIPHMM4MBOCTH K YJLYIUbIO BbIPAKaeTCA Yepe3 Je- 
CATUKpaTHoe 3HayeHue IJIK: n=200 mr/m’; a6- 
COJHOTHaA TOMpelIHOCTh TWpeycTaBseHud Mapa- 
MeTpa BOCHPHUM4YMBOCTH K YAYUIbIO: 
A=5-n=0.5-200=100 mr/m. 

Bepmmuysii ucxoy (BU3) — netTanbHpm uc- 
xo. BoctipHuMuuBocTb K JIeTasIbHOMy HCXOJLy 
BbIpaxkaeTCA 4epe3 CTOKpaTHOoe 3HayeHHe ITJIK: 
n,=2000; aOcouHOTHad NOrpelwHOCTb WpeycTaBe- 
HUA WapaMetpa BOCIIPHUMYUMBOCTH K JIeTaJIbBHOMY 
ucxogy: Aj=5-n=0.5:2000=1000 mr/m”. 
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ters in relation to the selected vertex outcomes (2) 
is linear, and the parametric models of vertex out- 
comes for the selected negative factors on the ex- 
ample of carbon monoxide are presented in Fig. 
6. 

As follows from the left part of Fig. 6 (vertex 
outcome 1), the influence up to (and at the level 
of) core value equal to 10.5 mg/m? is reliable, 
with the probability of occurrence of this value is 
equal to one. At the level of the upper value (at 
the level of a cut or taking into account the im- 
plementation of "three sigma" rule), the probabil- 
ity of exposure is less than or equal to 0.003 [3, 
5]. The relative error of parameters of susceptibil- 
ity and influence is 6=50%. 

The algorithm for preparation and reception of 
initial data for calculation of possible measures of 
emergence of three vertex outcomes on the ex- 
ample of carbon monoxide action on a worker 
contains the following stages 

1) Selection of the values of the susceptibility 
parameter, as well as its errors representation for 
the following vertex outcomes. 

The vertex outcome (VO1) — poisoning. Sus- 
ceptibility to poisoning is expressed through the 
value of MPC: n;=20 mg/m”; absolute error of 
representation of the susceptibility parameter: 
Aj=5-n=0.5:20=10 mg/m”. 

The lower border of susceptibility was deter- 
mined from the dependence of r;—Aja,, mg/m”, the 
upper border — from the dependence of s;+Ajz, 
mg/m”. 

The vertex outcome (VO2) — asphyxiation. 
Susceptibility to asphyxiation is expressed 
through a tenfold value of MPC: n=200 mg/m”; 
absolute error of representation of the susceptibil- 
ity parameter to 
A=5-n=0.5:200=100 mg/m”. 

Vertex outcome (VQ3) is a lethal outcome. 


asphyxiation: 


Susceptibility to a lethal outcome is expressed in 
terms of a hundred-fold value of MPC: n; =2000; 
absolute error of representation of the susceptibil- 
ity parameter to lethal 
A=5-n=0.5:2000=1000 mg/m’. 


outcome: 





2) U3smepenue 3Ha4eHui MapamMetTpa Bo3]ei- 
CTBHA St MNyay=21 mr/M> u abcomorHolt IOrpell- 
HOCTH As ero 
As=8-n=0.5-21=10.5 mr/M’. 

B pe3ylbTaTe UcclIeqOBaHHH YyCTaHOBIJIeCHO, 


mIpeCTaBsIeHusA: 


4TO IIPHBeJCHHbIN MapaMeTpHyeckuu 3atiac 6e3- 
OMacHOCTH paBeH Zb,;=0.46, a BO3MO%KHOCTHAaA 
Mepa OTpaBJIeHHA padoTHHkKa paBHa |—zb,;=0.54. 

Ha puc. 6 w300paxKeHbI XO], HU pe3yIbTaTHI 
pacueTa BO3MO2XKHOCTHOM Mepbl Tpéx BepIIMHHbIX 
UCXOJIOB. 


Isr 





2) Measurement of the values of the parameter 


So Vines S21 mg/m” and the absolute error As of its 
representation: As=0:n;=0.5:21=10.5 mg / m°. 

As a result of the researches it 1s established 
that the given parametric safety margin is equal to 
Zzbgi =0.46, and a possible measure of a worker 
poisoning is equal to 1—zb,; =0.54. 

Fig. 6 shows the course and the results of the 
calculation of the probability measure of three 
vertex outcomes. 


rs 


2000 M2/M’ 
T3 


Puc. 6. JlemoHcTpallna peaM3all[uu Tpex BepIIIMHHbIX UCXOJIOB C paOOTHHKOM Ha IipuMepe JeicTBUA 


OKcHJla yruilepoa 


Fig. 6. Demonstration of the implementation of three vertex outcomes for an employee on the example of 


carbon monoxide 


OTMeTHUM HeKOTOpble HIOaHCbl YCTaHOBJICHHA 
CTaTHCTH4eCKONM YACTOTbI KOHKPeTHOrO BepIIHH- 
HOrO Ucxoja — OTpaBJIeHHA paOOTHHKa 1exa. 
3HaueHHe CTATHCTHUeECKON YaCTOThI p= 0,3...0,7 
ObLIO MOUyYeHO yTeM oOnmpoca padoTHHKOB 
CHyKO OxpaHbl Tpyqa WU MeJIMUMHCKHX IYHKTOB. 
BpinouHeHve ITOFO 3Talla IKCHepTH3bI WOTpedo- 
BaslO yueTa, CHCTeEMaTH3alIM UW HaKOIJICHHA CIry- 
yaeB HCKOMBIX BepINMHHbIX HCXOOB (HW UX 3Ha- 
4MMBIX pes OcbuIOK). Ha B3ria, ABTOPOB, ITOT 
9Tan TOMKeH OBITH OOA3ATECJIBHBIM TIA cielMa- 
NMCTOB 110 OXpaHe Tpya, 9KCIePTOB CTpaxoBa- 
HUA WM MHCIICKTOPOB JOPOXKHO-NMaTpyJIbHOM CILY2K- 
Obl. CpaBHUTeIbHbIM aHasIM3 ykKa3al1 Ha Wpwem- 
HIEMY!O OJIM30CTb MOJYYCHHbIX Pe3YIbTATOB pac- 
yeTa BO3MO2%KHOCTHbIX Mep K CTaTHCTH4YeCKHM 
JJaHHbIM TIO peasM3allWH UCXOJOB 3a00eBaHuA 
WIM TWoOpakeHua paOoTHHKoB. Takum oOpa3o0m, 
IIPCJIOXKCHHBIM AIFOPUTM MOJTOTOBKH HM pacueta 
KOJIM4CCTBCHHOM MepbI peasIM3all[MH BO3MO2KHBIX 
BapHaHTOB MpOUCIIeCTBUA MOXKeT ObITb UCIOJIb- 
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Let us note some of the nuances of statistical 
frequency setting of a specific outcome vertex of 
employees’ poisoning. The value of statistical 
frequency p = 0.3...0.7 was obtained through a 
survey of employees of occupational health ser- 
vices and clinics. The implementation of this 
stage of the examination required accounting, 
systematization and accumulation of cases of the 
desired outcomes (and their significant prerequi- 
sites). In the authors’ opinion, this stage should be 
obligatory for specialists in occupational safety, 
insurance experts and inspectors of road patrol 
service. The comparative analysis showed the ac- 
ceptable proximity of the obtained results of cal- 
culation of possible measures to statistical data on 
realization of outcomes of workers’ disease or 
injury. Thus, the offered algorithm of preparation 
and calculation of quantitative measure of realiza- 


tion of possible incidents can be used for the solu- 
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30BaH JIA pellleHuA 3ajjJa4d OLLCHKM WOKa3aTesev 
Oe30NacHOCTH HW PHCKa KOHKPeTHbIX CHCTeM. 


3akur4eHne. Pa3spadoTaHa HOBad (aKTOpHad 
WMHTepBallbHad KOHI[eMMMA, MO3BOAFOMIad YHU- 
(DHIIMpOBaHO OMMCaTb MapaMetTpHyeckne Mpeno- 
CbIIKH MPOHMCHIeCTBHM C MOMOIIbIO HHTeEPBaJIOB 
BOCIIPHUMYMBOCTH Ha OCHOBE IIpHMeHeHHA 
YIPOMeCHHOHM MOE «BO3eMCTBHe — ocsIablie- 
Hue — BOCHPHMMUMBOCTH>. IIpenqoxeH asro- 
PHIM TIOATOTOBKU HU pacueTa KOJIMUeCTBeEHHOM 
MEDPBbI peaIv3al[MH BO3MOXKHbIX BapHaHTOB IIpo- 
MCIIeCTBHA, MOJYYeHbI 3ABMCMMOCTH JIA Bepo- 
ATHOCTHOH HW BO3MO2%KHOCTHOM Mep BepIIMHHBbIX 
MCXOOB, a TaKXKe OLCHKM NOKa3aTesen Oe3orac- 
HOCTH JIA KOHKPeCTHBIX TIPOH3BOACTBCHHBIX 3a- 
mau. 
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tion of tasks of safety and risk indicators assess- 
ment of certain systems. 

Conclusion. A new factorial interval concept 
has been developed, which allows us to describe 
consistently parametric background of incidents 
with intervals of susceptibility on the basis of a 
simplified model "influence - — weakening - 
susceptibility". The algorithm is suggested for 
preparation and calculation of a quantitative 
measure of possible options of incidents, the de- 


pendences for probability and __ possibility 


measures of vertex outcomes as well as the as- 
sessment of safety performance indicators for 


specific production tasks are provided. 
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IIpopegeHo dbakTopHoe MOeuIMpoBaHue Cc UC- 
TIOJIb3OBaHHeEM JIAHHBIX 110 MOKapHOU OMAaCHOCTH, 
(DYHKI[MOHaJIBHOMY HM peCypCHOMy COCTOAHHIO 
1lO%KapHOUW OxpaHbl HW WOKa3zaTeslev COMMasIbHO- 
IKOHOMHYECKOLO Ppa3BUTHA CeJIbBCKHX MOCeICHUuH 
cyObekToB Poccuiickon Dexepamnuu. DakTOpHBIi 
aHasIH3 BbIABHJI HH3KHU YpOBeHb 3alllMIl[eHHOCTH 
OT TO%KapoB HeOOJbINMX CeIbCKUX MOCeeHuH. 
Iloka3aHo, YTO yBeM4eHHe BPeMeHH TIpHOBITHA 
TepBoro WoOApasqeseHuA MOKAaPHON OXxpaHbl K 
MeCTY I1O2%Kapa NOBbIMAeT PUCK THOeIM Oe Ha 
mox*Kape, UW 4TO C yBeEJIM4CHHeEM CpeHero paccTo- 
AHUA JO MOKAPHON YacTH BO3pacTaeT BeIMYMHAa 
moxKapHoro pucKka. Ilomy4eHHbIe pe3yJIbTaTHI 
HO3BOJIAT pa3spadoTaTb MeponpuaATHA TO CHWKe- 
HUIO PHCKOB O%*KaPpHOW OMAaCHOCTH B CeJIbCKHX 
moceseHuax Poccuvickon Deepa. 


KuroueBbie cCJI0OBa: WoOKapHad Oe30MmacHocTs, 


(pPaKTOPHbIM aHasiM3, CelbCKHMe MOCeJICHHA, 


MO%#KapHbIM PHCK. 


Bpejenne. OHUM 43 MeponpHuATHu 10 O0ec- 
TIeueHHIO Ka4eCTBeCHHOrO TIOBbINNeCHHA YypOBHA 
3all[MI[eHHOCTH HacesIeHuA OT TOxKapoB B «Oc- 
HOBaXx TOcyapcTBeHHON WomMTHKH PoccuucKonu 
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The authors have conducted the factor modeling 


using data on fire danger, on functional and re- 
source status of fire protection and indicators of 
social and economic development of rural settle- 
ments of the Russian Federation subjects. The 
factor analysis has revealed a low level of protec- 
tion from fires in small rural settlements. It is also 
shown that an increase in the arrival time of the 
first fire-fighting unit to the place of fire increases 
the mortality risk in a fire, and that with the in- 
crease in the average distance to the fire depart- 
ment, the fire risk magnitude is increasing. The 
obtained results will make it possible to develop 
measures to reduce fire danger risks in rural set- 
tlements of the Russian Federation. 


Keywords: fire safety, factor analysis, rural set- 
tlements, fire risk 


Introduction. The development and imple- 
mentation of a set of measures to ensure fire safe- 


ty of settlements, the formation of their life sup- 
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Meylepauuu B OOAaCTH NOxKapHOH Oe30macHOcTU 
Ha nepuoy Wo 2030 roga» Ha3BaHa «BbIPAaOOTKA U 
OCYIIecTBIeHHe KOMIIIeKca Mep HO oOecrieye- 
HHIO HOKapHOM Oe30MacHOCTH HaceJICHHbIxX 
IYHKTOB, (OPMHpOBaHHe CHCTeMbI UX %*K3He- 
oOeciieyeHHaA Ha OCHOBe aHalIv3a MoxKapHoro 
pucKka» | 1]. 

Jit JOCTWXKCHUA TAKOBbIX Pe3YJIbTATOB HeOO- 
XOJMMO  OICHHTb BIIMAHHe COlMalIbHO- 
SKOHOMHYeECKHX (aKTOPOB HU WOKa3aTeueu PyHK- 
IMOHAaIBHOrO WM pecypCHOTO COCTOAHUA TOKap- 
HOM OXpaHbI Ha YPOBeCHb MO#KapHOU OMaCHOCTH B 
HaCeJICHHBIX MYHKTAaXx. 

C 9TOM WesIbIO MpoBeyeHO (akTOpHOe MoOyIe- 
NMpoOBaHve C AUCHOJIb3OBAHHeEM JaHHBIX M10 I0- 
%KAapHOH OMACHOCTH, 10 (PYHKUMOHAJIBHOMY HU pe- 
CYPCHOMY COCTOAHHIO MO%*KAapHOM OxpaHbl U M0- 
Ka3aTesev COUMaIbHO-IKOHOMHYECKOLO pa3sBHTHA 
CeJIBCKHX TOceseHHHM cyObeKTOB PocculicKkon 


Meyepaunu 3a nepunor c 2014 mo 2016 rr. 


Hlopaq0K TpoBexqeHHnA aKTOPHOrO aHalin- 
3a. MakTOPHbIN aHalIM3 BbIMOJIHACTCA C I[CJIbIO 
BbIABJICHUA CTPYKTYPHBIX CBA3CH MOXY WOKa3a- 
TeJIMMH TOKAapHOH OMAaCHOCTH, PYHKIMOHAJIbHO- 
TO HM pecypcHoro obeciteyeHuaA NOApa3qereHun 
MO*KapHOW OxpaHbl WU MWOKAa3aTeIeH COMMAaJIbHO- 
IKOHOMHYECKOLO Ppa3sBUTHA CeJIbBCKUX MOCesIeHHH 
cyObekToB Poccuiickonw Deepaiuu WyTeM BBI- 
WeuIeHuA HeOOUbIUOrO YMCa WaTeHTHbIX (akTO- 
POB, H3MCHeEHHe KOTOPbIX OObACHAeCT H3MeCHEHHE 
HaOHOaeMBIX WOKa3aTemen [2, 3]. DakTOpHbIM 
aHasIN3 BKJIHOUaeT TPH 9TaMa: 

e BbIeIeHHe MepBOHAYaJIBHBIX (AKTOPOB; 

e BpallleHve BBIeCICHHbIX (aKTOPOB Cc Ie- 
NbIO OOJerueHuA UX MHTepupeTalMu B TepMHHax 
MCXOJIHBIX II€@pCMeHHBIX; 

e coOjlepxKaTesIbHad UHTeplpeTalua HOBBbIX 
(pAKTOPOB B IIpeJIMeTHBIX TEPMHHAX, YTO ABJIACT- 
CAH TBOPYeCKOH 3aa4en UCCIeOBATeIA, BbIXO- 
Alle 34 paMKU (POpMAaJIbHOrO MeTOIIA. 

Jia BbIeIeHuA MaKTOPOB UCHOUIb30BaJIMCb 
HeECKOJIBKO MCTOJIOB: IaBHbIX KOMIMOHEHT, I[CHT- 
POWTHbIM UW MaKCHMalIbHOrO TpaBwsonoa00us. 
Bce Tp MeTOjIa IpUBOAAT K OJIM3KUM pe3yiIbTa- 
TaM, COrIaCyHOWIMMcaA Mex TY COoOOH B Mpeyemax 
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port system based on fire risk analysis was men- 
tioned as one of the measures to ensure a qualita- 
tive increase in the level of fire protection of the 
population in the "Fundamentals of the state poli- 
cy of the Russian Federation in the field of fire 
safety for the period until 2030" [1]. 

To achieve such results it 1s necessary to as- 
sess the influence of social and economic factors 
and indicators of functional and resource condi- 
tion of fire protection on the level of fire danger 
in settlements. 

For this purpose the factor modeling with the 
use of data on fire danger, on functional and re- 
source condition of fire protection and indicators 
of social and economic development of rural set- 
tlements of the Russian Federation subjects for 
the period from 2014 to 2016 has been carried 


out. 


Factor analysis procedure. Factor analysis is 
performed to identify structural relationships be- 
tween fire danger indicators, functional and re- 
source support of fire protection units and indica- 
tors of socio-economic development of rural set- 
tlements of the Russian Federation subjects by 
highlighting a small number of latent factors, the 
change of which explains the change in the ob- 
served indicators [2, 3]. Factor analysis includes 
three stages: 

e identification of initial factors; 

e rotation of the selected factors to facilitate 
their interpretation in terms of the original varia- 
bles; 

e profound interpretation of new factors in 
subject terms, which is a creative task of a re- 
searcher, going beyond the formal method. 

Several methods have been used to identify 
factors: principal components method, centroidal 
method and maximum likelihood method. All 


three methods lead to similar results, consistent 
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CTATUCTHYeCKHX TorpelliHocTev. B asIbHenIeM 
JIA TpOBeqeHHA (PakTOPHOTO aHaH3a ObLI BBbI- 
OpaH MeTOJ, TIaBHbIX KOMMOHeHT. Jia oOnerue- 
HHA TIpeMeTHOM MHTepiipeTamun PakTOpoB OBI- 
NO IpOBeXeHO UX BpallleHve B MpOCTpaHcTsBe e- 
pemMeHHBIX. McnosIb30BasIOCb HECKOJIBKO MeETOJIOB 
BpallleHua: BapuMakc (oOecIIeuuBaeT Jry4miee 
pa3yeuleHve (akTOPOB 3a C4UeCT YMCHbINeHHA 4UC- 
la TICPCMeCHHBIX, CBA3AHHbIX C K@KJIbIM (akTO- 
poM), KBapTuMakc (uMeeT TeHJICHIMIO K BbIeJIe- 
HHIO reHepasIbHOrO (bakTOpa UM YIIpOWeHHA UH- 
TeplipeTaluu 3a CUeT YMeHbINeCHHA YCIa PakTO- 
POB, CBA3AHHBIX C KaxKOM WepeMeHHON), OUKBap- 
THMakc MW 9KBUMAKC. Ilepey, BpallleHveM BBINOI- 
HeHa HOpMalIM3allMa (PAKTOPHBIX Harpy30K MeTO- 
OM Kaii3epa, 4TOOBI HCKIIIOUMTS BJIMAHHE Ha pe- 
3yJIbTaT TeCPpeCMeHHbIX C OObIMIOM OOMLHOCTBIO. 
AHasIv3 TOJTYYCHHBIX Pe3yYIbTATOB MWOKa3asl, YTO 
(pPaKTOpHbIe Harpy3KH He 3aBMCAT OT MeTOIa 
BpalleHua. B asIbHeMINeM Bpall[eHve OCYIIeCTB- 
IAJIOCb METOJIOM BapuMaKC. 

Ina dopMupoBaHua WoKa3aTeseih NoKapHor 
onacHocTu, (yHKUMOHAIbHOrO HU PecypcHOro Co- 
CTOAHHA MOKAPHON OxpaHbl perwvoHoB PoccuH- 
CKOM WMeyepalluv UCHOUb30BaIach CcTaTHCcTHUe- 
ckad WHDopMalluA, cozepxKaillaica B eepasib- 
HBIX OaHKax WaHHEIxX OI bY BHUUIIO MYC P® 
[4]. Iloka3atenm comMasbHo-3KOHOMHMYeCKOrO 


pa3BUTHA CeIbCKHUX TeppHTOpui CcyObBeKTOB 
C(OPMUPOBaHbI Ha OCHOBEe J@HHbIX, OMyOIMKO- 
BaHHbIX I ocyapcTBeHHbIM KomuteTtom P® m0 
cratuctuke [5]. B taOmuiye | mnpuBeyzeH cuHucoK 
pervoHos Poccuvickon Deyepaluu c yKa3aHvemM 
TIOPAKOBBIX HOMEPOB, KOTOPBIe UCHOJIb3YIOTCA 
JIA OTOOPaxKeHHA TUX PCErHOHOB Ha rpadukKax. 
CoOpaHHble cTaTucTuyeckuve aHHble lpel- 
CTABJIAKOT COOOHM pa3HOpOsHble (JIOrM4YeCKH HeECo- 
VW3MepuMBIle) BeIMYMHBI. JIA TOrO 4YTOOBI NpUuBe- 
CTH CTaTHCTH4eCKHe pacueTbI K CMHOM Oa3e ObI- 
Na WpoyewaHa Wpolezypa Wpeocdpa30BaHuA MHO- 
XKECTBa HaTyPasIbHbIX WOKa3zaTesIeM B CHHTeTUYEe- 
CKHe, T.e. OCYIIeCTBIICHAa HOPMUPOBKa psa WOKa- 
3aTeleH pa3uM4HbIMH cnocodamu. Hanpumep, 
HOpMHpoBaHHe TOKa3aTeyew WO UHCIeCHHOCTU 


HaCCJICHHA, KOJIMVUCCTBY CCJIBCKHX TOceyIeHHH U 


T.H. JlanbHenitee MOJesIMpOBaHHe IIpOBOMJIOCb 





with each other within statistical errors. At a later 
stage, the principal components method was cho- 
sen for factor analysis. To facilitate substantive 
interpretation of factors, their rotation in variables 
context was carried out. We have used several 
methods of rotation: varimax (provides a better 
separation of factors by reducing the number of 
variables associated with each factor), quartimax 
(has a tendency to single out the main factor and 
simplify interpretation by reducing the number of 
factors associated with each variable), biquarti- 
max and equimax. Before rotation, factor load- 
ings were normalized by Kaiser method to ex- 
clude the influence of variables with large gener- 
ality on the result. The analysis of the obtained 
results has showed that factor loadings do not de- 
pend on the rotation method. After that, the rota- 
tion has been carried out by varimax method. 

The statistical information from the Federal 
banks of data of FG@BU VNIIPO of EMERCOM 
of Russia [4] has been used to form the indicators 
of fire danger, the functional and resource condi- 
tion of fire protection of the Russian Federation 
regions. The indicators of socio-economic devel- 
opment of subjects’ rural areas are formed based 
on the data published by the State Committee of 
the Russian Federation for Statistics [5]. Table 1 
lists the regions of the Russian Federation with 
their ordinal numbers that are used to display the- 
se regions on the charts. 

The collected statistics are heterogeneous 
(logically incommensurable) values. In order to 
lead the statistical calculations to a single data- 
base, a procedure was carried out to convert a set 
of natural indicators into synthetic ones, i.e. a 
number of indicators were rated in various ways. 
For example, rating of indicators according to 
population, number of rural settlements, etc. Fur- 


ther modelling has been carried out on the basis 
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Ha OCHOBe TIOJIYYCHHOM MAaTPHIIbI CHHTETHYECKHX of the obtained matrix of synthetic indicators. 


moka3atesieH. KaxkOMy H3 paCCMOTPeCHHBIX II0- Each of the considered indicators has gained an 


Ka3aTeeH Oba UpucBoeHa HHJMBUyallbHad ae : 2 ee 
jaa P nanan individual coding. Socio-economic indicators are 


KOWMpoBKa. ColasIbHO-JKOHOMHYeCKHe 0Ka3a- oo, —— 
indicated through variables X;, indicators of the 
TeJIM OOO3HAYEHbI Yepe3 NepeMeHHble X;, WOKa3a- 


rem (byHKuUMOHaIbHOrO HM pecypcHoro cocTos- functional and resource status of fire protection - 


HMA 1O%*KapHOU OxpaHbl — yepe3 Y;, WoKa3aTesUu through Y;, fire danger indicators-through Z;. 
Mox*KapHOU OlacHocTu — yepe3 Zj. 
Table 1 
Taoauya | 
CriMcoK perMvoHos Pocculickon Deepalluu HU COOTBETCTBYIOINMe UM MOpAKOBbIeC HOMepa JIA 
OTOOpaxkKeHHA PervOHOB Ha rpadukax 
List of the Russian Federation regions and their corresponding numbers for displaying 
them on charts 


Name of the subject Name of the subject 
an 
Northwest Federal District Ural Federal District 
The Karelia Republic Kurgan Oblast 
The Komi Republic Sverdlovsk Oblast 
Arkhangelsk Oblast Tyumen region 
Nenets Autonomous Okrug Khanty-Mansi Autonomous Okrug 
Vologda oblast Yamalo-Nenets Autonomous Okrug 
O letingad Oblast | | Chehabmakomast 
Leningrad Oblast Chelyabinsk Oblast 
TL titmansk Obst |_| Southern Federal Distrct 
Murmansk Oblast Southern Federal District 
S[Noveored Ost | | Theadyeew Repub 
Novgorod Oblast The Adygea Republic 
Pl pstov Obst || The amt Repubie 
Pskov Oblast The Kalmykia Republic 
Kaliningrad Oblast The Republic of Crimea 
Gantt Federal District Krasnodar ai 
Central Federal District Krasnodar Krai 
Belgorod Oblast Astrakhan Oblast 
Bryansk Oblast Volgograd Oblast 
Vladimir Oblast Rostov Oblast 
fe Norm Oblar| | North ¢measion Federal District 
Voronezh Oblast North Caucasian Federal District 
Ivanovo Oblast The Dagestan Republic 
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CmosleHcKad OOJIaCTb PecnyOnnka bypatTua 
TaMOoBckad OOJIaCTb PecnyOmmka Asta 
TBepckasa oOacTb PecnyOsmka TsiBa 
TysbcKaa OOaCTB PecnyOsmka Xakacua 


ApociaBckad OOUACTb hell AuiTavickuii Kpaii 


PecnyOsuka Mapun Du _ Upkytckas o0actTb 


PecnyOmuka Mopyosua Kemeposckad OOJ1aCTb 
PecnyOnuka TatapctTaH Hopsocnoupckas oOacTb 
Yamyptckas PecityOsnka Omckas OOsIacTB 
Yysatickaa PecnyOmuKka Tomckaa OOs1acTb 
Ilepmckuu Kpan _ JlasIbHeBOCTOUHBIN DO 
Kuposckasd OO1acTb PecnyOmuka Caxa (AkyTu4) 
Hwxkeropoyckas OOacTb KamuatTckui Kpani 
OpeHOyprckas oOs1acTB IIpumopckuii Kpaii 
[leH3eHcKaad OOaCTb XadapoBcKHi Kpai 


Camapckad oOsIacTb Amypckaa oO1acTb 


PS TeimtOb | | The North Ossetdlania Republic 
2 pent Obst | | Mhetngushena ube 
P litoweon Oa | TheChechenepbe 
Poneman | [Stopol ar 
Pinan Obst || Sten Pera isriet 
P Lrambov obit | [nies epubte 
P lierobtag | [Tiena tebe 
IpusoswKckun PO 67 | 3a0aikKalbcKHH Kpan 
Volga Federal District Zabaykalsky Krai 
PecnyOsuka BatrkoptoctaH al KpacHospckui Kpai 
2 [thetimin Rep | [Ombonag 
PY lpemobise || Par Basorn Refer isrict 
Oko ontar | [rhea Repuntic Vuto) 
2 Oren Obs | | Prony rah 
Opens Obtan | | Rahat Rue 
2 Samara Oblast | [Amp oblar 


CapaToBckaad OOs1acTb MarayaHckaa oOs1acTb 
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M [anmont Obst” | [redewih nmons Obst 

Ulyanovsk Oblast The Jewish Autonomous Oblast 

attains rng 
Chukotka Autonomous Okrug 





82 | CaxanmmMucKad OOUaCTb 
Sakhalin Oblast 


B oOmieiH cuoxKHOCTH JIA WpoBpeyeHua dak- 
TOPHOrO aHasiu3a OBO OTOOpaHO 47 ToKa3aTe- 
nev Jia 82 cyObexTos Poccuiickon Mexepauuu: 

— KOJIMY4eCTBO 1102KapoB B pacuete Ha 10 THIC. 
YeJIOBeK, CJ., MpOu30mewux MO CiIeXyIOUlMM 
TIpHu4nHaM: 

Z| — HeOcTOpoOxHOe OOpalleHue C OrHeM; 

Zy — HapylleHue WpaBul YCTPOMCTBAa U 93KC- 
IyaTauuu WIeKTPOOOOpyOBaHHA; 

Z3 — HapylleHue lpaBul YCTpOMCTBAa HU 9KC- 
IryaTauu mewenvs; 

Z4 — MOJ2KOT; 

Zs — [pyre Npv4nHBEl; 

— KOJIM4eCTBO NOrMOMIMx Ha WoOKapax JOTeU 
B pacyete Ha 100 TpIc. HaceneHus, B 3ABHCHMO- 
CTH OT NPW4HHbI BOSHUKHOBeHHA WOxKapa: 

Zo — HeEOCTOpOxHOe OOpallleHve C OrHEM; 

Z; — HapylleHuve WpaBul YCTpOMCTBAa HU 93KC- 
IyaTauuu WIeKTPOOOOpyOBaHHA; 

Zz — HapyllleHuve lpaBHI YCTpOMCTBAa HU 9KC- 
IryaTaiuu Wewenvs; 

Zo — MOJKOT; 

Z\0 — [pyre IpH4HHEl; 

— KOJIMYeECTBO TpaBMUpOBaHHBIX Ha WOKapax 
moyen B pacuete Ha 100 ThIc. HaceweHHA, 4ell., 
3aBHCHMOCTH OT IIPH4MHbI BO3HHKHOBeCHHA T0- 
‘Kapa: 

Z11 — HeEOCTOpOxKHOe OOpalllenue C OrHeM; 

Z\2 — HapyleHve paBuI yCTpOMCcTBa U 9KC- 
yaTaluu 3IeKTpoooopyOBaHHus; 

Z13 — HapylleHve lpaBusl yCTpOMCcTBa HU 9KC- 
IryaTauuu meyers; 

Z\4 — MOJKOT; 

215 — Apyrie IpHv4vHB!; 

— IIpaxmMou yuepO OT MO2*KapoB Ha | yesOBeKa, 
pyO., B 3aBHCMMOCTH OT MNPH4HHbI BO3HUKHOBEe- 
HHA Wo*Kapa: 

Z16 — HeOcTOpOxHOe OOpallleHuve C OTHEM; 

Z17 — HapyleHuve TpaBul yCTpOMCcTBa U 9KC- 
yaTaluu 3IeKTpoobopy0OBaHHus; 

Zig — HapylieHve lpaBul yCTpOucTBa U 9KC- 
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In total for factor analysis we have selected 47 
indicators for each of 82 subjects of the Russian 
Federation: 

- the number of fires per 10 thousand people, 
units., occurred for the following reasons: 

Z; - careless handling of fire; 

Z> - violation of the rules of installation and 
operation of electrical equipment; 

Z;3 - violation of the rules of installation and 
operation of furnaces; 

Z4 - arson; 

Zs - other causes; 

- the number of people killed in fires per 100 
thousand population, depending on the cause of 
the fire: 

Zo - careless handling of fire; 

Z7 - violation of the rules of installation and 
operation of electrical equipment; 

Zs - Violation of the rules of installation and 
operation of furnaces; 

Zo - arson; 

Zio - other causes; 

— the number of injured in fires people per 
100 thousand population, persons, depending on 
the cause of the fire: 

Z1, - careless handling of fire; 

Z)2 - Violation of the rules of installation and 
operation of electrical equipment; 

Z73 - violation of the rules of installation and 
operation of furnaces; 

Z14 - arson; 

Z 15 - other causes; 

- direct fire damage per | person, rub, depend- 
ing on the cause of the fire: 

Zio - careless handling of fire; 

Zi7 - violation of the rules of installation and 
operation of electrical equipment; 

Zis - Violation of the rules of installation and 
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TryaTaiuu mWewenvs; 

Z\9 — MOJKOT; 

Z29 — Upyre Ipu4vHs!; 

— KOJIM4eCCTBO YHHUTOXKCHHBIX B pe3yJIbTaTe 
TO#KapOB CTpoeHHu B pacuete Ha 10 TpIC. 4e0- 
BeK, €JI., B 3€BMCHMOCTH OT IIPHYMHbI BO3HUKHO- 
BeHHA MoKapa: 

Z2| — HEOCTOPOxXHOe OOpallleHue C OrHeM; 

Z22 — HapyllleHve TipaBuJI yYCTpOMCTBa HU 9KC- 
IyaTaluu 9IeKTPOOOOpyA0BaHHuA; 

Z23 — HapylleHve T1paBusI yCTpOMCTBa U 9KC- 
TryaTaiuu Weve; 

204 — TIOJKOT; 

225 — [pyre IpH4HHEI; 

Y,; — cpeyqHee paccTosHHve 0 Mox*KapHON 4a- 
CTH JIA 1O%*KapoOB C rHOesIbIO Oe, KM; 

Y. — cpeaHee paccToaHve JO Mox*KapHON 4a- 
CTH JIA 1O%*KapoB Oe3 ruOeNM Oe, KM; 

Y3; — cpeyHee Bpema mpuOsitusa 1-ro mozpa3- 
JIeICHHA MO*KAapHOM OxXpaHbl K MeCTY MO*Kapa WA 
110K apOB C rHOesbiO JOeN, MUH.; 

Y, — cpeyHee Bpema mpuOsitua |-ro mozpa3- 
JIeICHHA MO#KAapHOM OxXpaHbl K MeCTY MO*Kapa WA 
To*K apoB 6e3 rues JOAeH, MHH.; 

Ys — cpe{Hee KOJIM4eCTBO TO*KapHON TeXHu- 
KU, 3a,eMCTBOBaHHONM Mp TYWICHHU MoxKapa, el. 

X, — CpeHAA 4YMCIICHHOCTh HacesIeHuA OJIHO- 
TO CeJIBCKOFO MOCeJICHHA, 4eII.; 

X2 — 4NCHO OOMeoOpa3z0BaTeIbHbIX OpraHH- 
3alluu, e., B pacuete Ha 10 TIC. HaceeHua; 

X3— 4ucno oOyyarolluxca B OOMIeoOpa30Ba- 
TeJIBHbIX OpraHv3allWAx, 4esl., B pacuetre Ha 100 
yell. HaCeJICHHA; 

X4— 4ucio seueOHO-lpodusakTu4eckux Op- 
raHu3alun, eJ]., B pacuete Ha 10 TIC. HaceeHua; 

X5 — 4HCHO CHOPTHBHbIX COOpyxKeHHH, el, B 
pacuete Ha 10 TpIc. HaceneHHs; 

X6 — 4UCIO MECT B KOJUICKTHBHBIX Cpe{CTBaXx 
pa3MelleHHA, e7]., B pacueTe Ha | TbICc. Hacese- 
HUA; 

X7 — KOJIM4CCTBO Mara3HHOB, eJ., B pacueTe 
Ha | ThIC. HaceJIeHHA; 

Xg — TOproBad MOWatb Mara3HHOB, KB. M Ha 
10 yesoBeK; 

X 9 — KOJIM4ECTBO OOBEKTOB OOIMIECTBEHHOrO 
NMTaHHA, e7l., B pacuete Ha 10 ThIc. HaceseHua; 
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operation of furnaces; 

Z19 - arson; 

Z09 - other causes; 

- the number of buildings destroyed as a result 
of fires per 10 thousand people, units., depending 
on the cause of the fire: 

Z2, - careless handling of fire; 

Z>2 - violation of the rules of installation and 
operation of electrical equipment; 

Z>3 - violation of the rules of installation and 
operation of furnaces; 

Z04 - arson; 

Zs - other reasons; 

Y; - average distance to fire station for fires 
with fatal accidents, km; 

Y>- average distance to the fire station for fires 
without fatal accidents, km; 

Y3 - average time of arrival of the Ist fire- 
fighting unit to the place of fire for fires with fatal 
accidents, min.; 

Y4 - average time of arrival of the Ist fire- 
fighting unit to the fire place for fires without fa- 
tal accidents, min.; 

Ys - average number of firefighters involved in 
fire extinguishing. 

X; - average population of one rural settle- 
ment, people. ; 

X2 — the number of general educational insti- 
tutions, units, per 10 thousand population; 

X3 — the number of students in educational in- 
stitutions, persons per 100 of the population; 

X4— the number of treatment-and-prophylactic 
organizations, units, per 10 thousand population; 

Xs - number of sports facilities, units, per 10 
thousand population; 

Xo — the number of places in collective ac- 
commodation facilities, units, per 1 thousand 
population; 

X7 — the number of stores, units, per 1 thou- 
sand population; 

Xs - shopping floor space, sq. m, for 10 peo- 
ple; 

Xg - the number of food and beverage facili- 
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X19 — KONMUYeECTBO OOBEKTOB OBITOBOrO OO0- 


CIIYKUBAaHHA, e]., B pacuete Ha 10 ThIC. Hacesle- 
HHS; 

X11; — JOJIA CeuIbCKUX TOCesIeHHH, OOCIYyKU- 
Bae€MbIX IOUTOBOM CBA3bIO, % OT OOMIeErO 4NCIA 
CeJIBCKHX MOCeJIeHHH; 

X12 — HONA Tele@OHU3MPOBaHHbIX CeJIbCKHX 
moceleHuun, % OT OOMWero YHCIIAa CeJIbCKHX TOCce- 
JIeHHN; 

X13 — MHBCCTHUMUM B OCHOBHOM KaliMtTail, THIC. 
py0. Ha 4eno0BeKa; 

X14— BBOJI 2KHJIbIX JIOMOB, KB. M Ha 4CJIOBEKA; 

X15 — OOWlad WOWaTb 2WKMIbIX NOMeLICHHH, 
KB. M Ha 4CJIOBEKA; 

Xi6 — JONAH HaceeHHA, MpoOxKUBAIOWero B 
BeETXOM 2KWIbe, %; 

X17 — OJMHOUHOe TpOTs2KeHHe YIM4HOU 1a30- 
BOH CeTH, M Ha 4eJIOBeKa; 

Xig — JOA Hera3u@UUMpOBaHHbIxX CeJIbCKHX 
TocesIeHHi, % OT OOMWero WCa CelIbCKMX MO0Cce- 
JIeHHN; 

X19 — OXMHOUHOe NPOTAKeHHE YIIMYHOK BO- 
JOMPOBOJHOU CeTH, M Ha 4eJIOBeKa; 

Pe3yJIbTaTbI MakKTOpHOrO aHasmn3a. Dak- 
TOPHbIM aHasIM3 BbIABWJI IATb 3HA4MMBIX (aKTO- 
pos. IIpu stom TepBEIi PakTOp OOycNOBIMBAaeT 
20,5% oOmeni fucnepcun, Bropoi — 10,6%, 
TpeTun — 8,9%, 4ueTBepTEIi — 10,1%, maTbIit — 
6,7% ooOmeH Wucnepcuu. B cyMMe IIATb 3Ha4dHu- 
MBIX (PaKTOPOB OOycIOBIUBAIOT 56,8 % oOdmler 
TMciiepcnu. 

3HayeHHA (PaKTOPHbIX Harpy30K JIA KaxKTON 
IICPeMeCHHOM JIA ATH 3HAYMMBIX (AKTOPOB Mpu- 
BeJICHbI B TaOsMIe 2. HanOonee 3HayMMbBle WIA 
KaxkOro (akTopa epeMeHHbIe, (akTOpHbIe 
Harpy3KU JIA KOTOPbIX MMCHOT aOCOJIIOTHBIC 3Ha- 
yeHua Oobie 0,7 (BbIZeueHbI B TaOMuLe 2 *KUp- 
HbIM LIpu@TomM). 


09://bps-journa 


ties, units, per 10 thousand population; 

X70 - the number of personal service facilities, 
units, per 10 thousand population; 

X;; - share of rural settlements with postal 
service, % of total rural settlements; 

Xj ;2 — the share of rural settlements with a tel- 
ephone line, % of total rural population; 

X73 - investments in fixed assets, thousand ru- 
bles per person; 

Xj4 - commissioning of residential buildings, 
Sq. mM. per person; 

X75 - total living area, sq. m. per person; 

X16 — the proportion of the population living in 
dilapidated housing, %; 

X77 - single length of the street gas network, 
m. per person; 

X7s - Share of non-gasified rural settlements, 
% of total rural population; 

X79 - single length of the street water supply 


network, m. per person; 


Factor analysis results. The factor analysis 
has revealed five significant factors. By so, the 
first factor determines 20.5% of the total vari- 
ance, the second — 10.6%, the third — 8.9%, the 
fourth — 10.1%, the fifth — 6.7% of the total 
variance. In total, five significant factors account 
for 56.8% of the total variance. 

Table 2 shows the factor loadings for each 
variable for the five significant factors. The most 
significant variables for each factor are the varia- 
bles the factor loadings for which have absolute 
values greater than 0.7 (shown in Table 2 in 
bold). 
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Taodmutta 2 
Table 2 


Martpuila akTOpHBIX Harpy30K 
Factor loadings matrix 


_—— Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 
ee te 
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-0.015 0.041 -0.762 -0.177 -0.062 


B neppsm dakTrop HanOonbumMM BKIAay 
BHOCAT HepeMeHHBbIle, CBA3AHHbIe C MOKa3aTeAMU 
TO*KAapHOM OMACHOCTH (KOJIMYeECTBO MO*KapoB, rH- 
OejIb, YHHYTOXKeHHbIe CTpoeHua). Handosbmiee 
3HayeHWe UMEIOT IIepeMeHHBIe, CBA3AHHBIe C H0- 
*KapaMH, WPOW30WIeTMIMMU TO Tpw4nHaM HeocTo- 
poxHoro OOpallleHHuaA Cc OrHeM, HapyllieHua mpa- 
BHI YCTPpOMCTBa UM SKCIIIyaTalluu 31IeKTpoodopy- 
OBaHHA UM evel, WospKora. TakxKe B 9TOT (aKTOP 
3HAdHTeJIbHbIM BKIa, BHOCHT MepeMeHHad «cpeli- 
HAA YACJICHHOCTh HaceyIeHHA OJHOTO CeJIbCKOrO 
TocesIeHua»>, Wpwuem (bakTOpHad Harpy3Ka JVIA 
JJAHHON MepeMeHHOM UMeeT OTPHIaTeIbHOe 3Ha- 
YeHHe, T.eC. YPOBCHb TO%*KapHOM ONacHOCTH OOlIb- 
Ie JIA HEOOJbIIMX CeIbCKUX TocesIeHHH. Kpome 
Toro, dakTopHad Harpy3Ka Id WepeMeHHOH 
«CpeyIHee KOJIMY4ECTBO NOKapHOW TeXHUKH, 3aJlen- 
CTBOBAaHHOH pH TyWIeHHH O0%Kapa» UMee>rT 
HanOolibliee 3HaYeHHe MMECHHO JIA MepBoro (ak- 
Topa. ITO MOXKHO OOBACHUTh HU3KOM 3allMIeH- 
HOCTbIO HeOOJIbINMX CeJIbCKUX MOCeIeHHH, B KO- 
TOPbIX YaCTO OTCYTCTByeT HeOOxoyMMad TO%Kap- 
Had TEXHNKAa, W3-3a Vero He yaeTCA OBICTPO JIOKa- 
NM30BaTb BO3SHHKINMM WoKap, YTO TpeOyeT mpu- 
BJICUCHHA JIOMOJIHHTeCUbHOM TeXHUKM UW BeseT K 
YBeJIMYeHHIO WOTepb OT WoOKapa. Kpome toro, 
OObIUON BKIa B WepBbIit (~akTOp BHOCAT Mepe- 
MeHHasd «CpeyHee BpeMa mpHOobITuA 1-ro nNo”pa3- 
JIeICHUA TOKapHON OXpaHbl K MeCTY TO%*Kapa» c 
TIOJIOXKUTCILHBIM 3HAKOM HW OJHO3HAYHOM MHTep- 
lipetaijue — yBeM4eHve BpeMeHu MpuosiTus 1- 
TO TOApa3sqeuweHua WoOKAapHOM OXxpaHbl K MeCcTYy 
ox*Kapa MOBbIMAeT PUCK MHOeIM OTe Ha 10%Ka- 
pe. Creyyer BbIZeIMTb WOKa3aTeM COMMasIbHO- 
IKOHOMHYECKOLO pa3BUTHA CeJIBCKUX TeppuTOpUH, 
BHOCAIIMX HavOOJIbIIMH BKIAa B (akTOp Wo%Kap- 
HOW OWacHOCTH — 93TO CpeHAA MIO ab XKMIIbIX 
TOMeIIeCHHH, IpUuxoalaica Ha | 4eOBeKa; JOA 
Hera3Hv(UUMpOBaHHbIX CeJIbCKHX MOCeJIeHHH 


quCcIO OOy4arOluxcaA B OOMeOOpaz0BaTeJIbHbIX 


The variables related to the indicators of fire 
danger (number of fires, deaths, destroyed build- 
ings) make the greatest contribution to the first 
factor. The most important variables are connect- 
ed to the fires that occurred due to careless han- 
dling of fire, violations of the rules of the installa- 
tion and operation of electrical equipment and 
furnaces, arson. In addition, the variable "average 
population of one rural settlement" makes a sig- 
nificant contribution to this factor, and the factor 
loading for this variable has a negative value, 1.e. 
the level of fire danger is greater for small rural 
settlements. In addition, the factor loading for the 
variable "average number of fire equipment in- 
volved in fire extinguishing" is most important 
for the first factor. This can be explained by the 
low safety of small rural settlements, which often 
lack the necessary fire equipment, which makes it 
impossible to quickly localize the fire, which re- 
quires additional equipment and leads to an in- 
crease 1n fire losses. Besides, the variable "aver- 
age time of arrival of the Ist fire-fighting unit to a 
fire place" with a positive sign and unambiguous 
interpretation makes a big contribution to the first 
factor - increase in time of arrival of the first fire- 
fighting unit to a fireplace increases the risk of 
death of people on a fire. It is necessary to allo- 
cate indicators of social and economic develop- 
ment of rural territories making the greatest con- 
tribution to the factor of fire danger. They are the 
average area of residential premises per one per- 
son; the share of non-gasified rural settlements 
and the number of students in general educational 


institutions. 





Safet 


SF D ( 


of Technogenic and Natural Systems 





OpraHu3alluAx. 

Bropow dakTop MO%*KHO HWHTepmpeTupo- 
BaTb KaK XapaKTepH3YIOIIMU YPOBeHb COMMAasIbHO- 
To oOecneyeHuA (KOJIMYeCTBO UH TOproBad TWIO- 
Iajib Mara3HHOB, KOJIMYECTBO OObEKTOB ObITOBOFO 
OOCIYKUBaHUA HU OOMIECTBEHHOTO MMTaHHA, KOJIM- 
YeCTBO OOM[eOOpa3z0BaTeJIBHbIX OplaHH3alluit). 
VMiMeHHO TOSTOMY B 3ITOT (aKTOP C OTPHLUaTesIb- 
HbIM 3HaKOM BXOJIAT MepeMeHHad «CpesHee BPeMA 
pnHopitua |-ro noxpa3sqeuweHua WoxKapHOM Oxpa- 
HbI K MeCTYy T10%Kapa». OgHako loKa3aTevIM T0- 
*KapHOM OMacHOCTH CyIIeCTBeHHOrO BKJIajja B 
JJaHHbIM (baKTOp He BHOCAT. 

Tpetuv (akTOp MO%KHO CBA3aTb C pa3BH- 
THEM WHpacTpyKTypbl B CeuIbCKUX TMOCeICHHAX 
(IIPOTSXKCHHOCTb YIM4HOH Tra30BOH HM BOONpO- 
BOJIHOM CeTH, YpOBeHb ra3ud@ukalluu, oOecne4eH- 
HOCTb TesIePOHHOM UW MOUYTOBOM CBaA3bIO). JJaHHBIe 
WOKa3aTeuM BXOJAT BO BTOPOH (akTop c OTpuila- 
TeJIbBHBIMM BecaMH. IloKa3aTesIM TOx*KapHON orac- 
HOCTH HU PYHKI[MOHAIIbHOrO UW PeCypCcHOrO COCTO- 
AHUA 10%KAaPHOU OXpaHbl HE BHOCAT CYII[eCTBeHHO- 
TO BKJIajla B JaHHbIM (akTOp. 

Iloka3aTesIM MO#KapHOU OMacHOCTH, KpomMe 
HlepBoro (akTopa, BHOCAT OOJIbINON BKIa, B UeT- 
BepTbIM (akTOP, MpH4eM CrOJa BXOAAT MepeMeH- 
Hble, OTHOCAIMIMeCA K MO%KAapaM, BOSHHKINMM 10 
pa3HbIM Tpv4vHaM, HO B JaHHbIM (akTOp He BXO- 
AT WOKa3aTeIM (yYHKUMOHAIbHOrO WU pecypcHoro 
COCTOAHHA TWOKAaPHOM OxpaHbl. CyeyyeT BbIIe- 
NMTb WOKa3aTeIH COMMAaIbHO-39KOHOMHYECKOrO 


pa3BHTHA CeJIbCKUX TeppHTOPHH, BHOCATNMX 
HavOObIUMH BKIa B 39TOT (akKTOp ToKapHou 
ollacHOCTH — WHBeCTHIIMM B OCHOBHOM Kaliutall; 
KOJIM4eECTBO OObEKTOB OOMIECTBEHHOrO TMTaHHA Ul 
BBOJI 2KWJIBIX JIOMOB. 

IIaTbIa dakTOp MO2*KeT OBITb CBA3AH C T10- 
Ka3aTesaMu QYHKI[MOHMpOBaHHA = §=§©6oOxKapHow 
OxpaHBbI (cpeyHee paccTosHue OT MO%*KAapHOu YacTU 
tO MecTa MloxKapa). JlaHHble WoKa3aTeM OxKUTae- 
MO KOppeJIMpyIOT C BeJIM4MHOM MHMBULYyasIbHOrO 
TOKapHoro pHcKa (KOJIM4eCCTBOM HOrMOmIMx Ha 
owkapax B pacyeTe Ha OJHOrO YeOBeKa). Uem 
OouIbIle cpeyqHee paccrosHuve WO ToO*KapHOu YacTH, 


TCM BbIme BOJIMUYMHa WORKAPHOLrO PUCKa. V3 110Ka- 


3aTesIen COUMAJIBHO-JKOHOMHYACCKOTO pa3BUTHA 





The second factor can be interpreted as char- 
acterizing the level of social security (number and 
shopping floor space, the number of catering and 
lifestyle facilities, the number of general educa- 
tional institutions). That is why this factor with a 
negative sign includes the variable "average time 
of arrival of first fire-fighting unit to the fire”. 
However, the indicators of fire danger do not 
make a significant contribution to this factor. 

The third factor can be related to the devel- 
opment of infrastructure in rural settlements (the 
length of the street gas and water supply net- 
works, the level of gasification, telephone and 
postal services). These figures are included in the 
second factor with negative values. Indicators of 
fire danger and functional and resource status of 
fire protection do not make a significant contribu- 
tion to this factor. 

Fire hazard indicators, in addition to the first 
factor, make a great contribution to the fourth fac- 
tor, and this includes the variables related to fires 
that occurred for various reasons, but this factor 
does not include indicators of functional and re- 
source status of fire protection. We should high- 
light the indicators of socio-economic develop- 
ment of rural areas that contribute most to this 
fire risk factor — investments in fixed capital; 
number of catering facilities and new housing. 

The fifth factor may be related to fire protec- 
tion performance indicators (the average distance 
from the fire station to the fire). These indicators 
are expected to correlate with the amount of indi- 
vidual fire risk (the number of fatalities per per- 
son). The greater the average distance to the fire 
station 1s, the higher the fire risk 1s. From the in- 
dicators of social and economic development of 
the rural territories, which make the greatest con- 


tribution to this factor, it 1s possible to allocate 
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CeJIbCKHX TeppHTOpHii, BHOCAIIMX HavOobIUIHK 
BKaJ, B JaHHbIM (PaKTOP MO2KHO BBIACIUTb TOUbKO 
«4HHCIO  OONleOOpa30BaTeJIbHbIX HU  JiIeyeOHO- 
TIpodusakTH4ecKuX OpraHu3alln». 

Bui paccuTaHbl 3Ha4eHHA KaxKOrO U3 
IATH (aKTOPOB JIA KaxTOrO cyObexta Poccui- 
ckoH Deyepaluu U MOCTpOeHbI rpadukKu B Wpoek- 
IMAX Ha (aKTOPHble OCU, re B KaYeCTBe OJJHOTO 
43 (aKTOPOB BbIONpasica (akTop | ws 4, KaKTbIM 
M3 KOTOPbIX XapaKTepu3yeT ypOBeHb TOKapHon 
olacHOCTH, a B KayecTBe Apyroro — OMH U3 
OCTAaBIUMXCA TpeX PaKTOPOB. 

B xayecTBe mpuMmepa Ha puc. | mpezcTaB- 
NeHO pachpeyeseHve B IIpoeKUMAX Ha (aKTOPHBIe 
OCH, COOTBeTCTByIoOlMe dakTopam | u 5. Jina 
(baktopa 1 OCHOBHOe MHOXKECTBO TOUCK JICKUT B 
lipeyemax oT —2,5 yo 2,5, mia daxTopa 5 — oT 
—1 yo 2. Pa30ueHve WIOCKOCTH Ha KBa{paHTBI IO 
OTHOIICHHIO K HYJICBbIM OCAM (baKTOPOB MO03BOJ1A- 
CT YCTAHOBUTh CIeJLYFOULYO CTPyKTypy pacripeyre- 
neHua CyOBbeKTOB Pocculickow Deyepanun 0 Ka- 
TerOpHAM: BbICOKHM YPOBeHb O%KapHOM OMacHo- 
CTH UM OObMIOe CpesHee paccrosHue TO TOKapHOHn 
yacTu (KBayqpaHT 1), HH3KHM ypOBeHb MoxKapHon 
olacHOCcTH HU OobUIOe cpeqHee paccTosHue 710 
ToKapHOM ywactTu (KBaapaHT 2), HU3KHH ypOBeHb 
TO#KapHOW OMAaCHOCTH HU HeOOMbIUWIOe CpeyHee pac- 
CTOAHHe JO MOx*KapHO YacTH (KBapaHT 3), BbICO- 
KH YpOBeHb MOxKapHOM OMaCHOCTH UM HeOOIbIUIOE 
CpeyiHee paccrosHve JO NO*KapHOM yacTu (KBal- 
pant 4). 

Kak BHHO 43 puc. |, HavOosee BbICOKHH 
yYpOBeHb TO*KapHOH OMacHOCTH HaOsHOaeTCA B 
TakKux CyObeKTax Kak Hopropoyckasd OOsacTh (10- 
paaKOBbIM HOoMep 8), IIckoBckaax oOmacTb (9), 
Tpepckaa oOsacTb (25), ApxaHrebcKad OOacTb 
(3), JlenuurpaycKkasa oOsactTb (6), Kamyxckasa 00- 
nactb (16), Wid KOTOpbIX 3HadeHHaA cakTopa |, 
XapaKkTepH3yIOMlerO YPOBeHb MOKapHON OMacHo- 
CTH, HavOoslee yasleHbl OT cpesHecTaTucTu4e- 
CKUX 3HaYeHHM B TMOJIOXKUTCIbHYIO CTOpOHy. Ca- 
MbIM HH3KHH YypOBeHb TlO%xKapHOW oOmacHocTu 
HaOmroylaeTcs B TaKUX CyOBeKTax, Kak PeciryOun- 
ka JJarecrau (55), KaOapaunHo-basnkapcKxasa Pec- 
myosuKka (56), Kapayaepo-Yepxkecckas Peciyosu- 
ka(57), PecrryOnuka Uaryutetua (59), Ueuenckas 


only "the number of the general educational and 
general health organizations”. 

The values of each of the five factors for each 
subject of the Russian Federation were calculated 
and graphs were constructed in projections on 
factor axes, where factor 1 or factor 4 was chosen 
as one of the factors, each of which characterizes 
the level of fire danger, and one of the remaining 
three factors as another. 

As an example, Fig. | shows the distribution 
in projections on the factor axes corresponding to 
factors 1 and 5. For factor 1, the main set of 
points lies within — 2.5 to 2.5, for factor 5 - from - 
1 to 2. Partitioning of the plane into quadrants 
relative to the zero axes of the factors allows us to 
establish the following structure of the distribu- 
tion of constituent entities of the Russian Federa- 
tion on categories: high level of fire danger and a 
large average distance to the fire station (quadrant 
1), low level of fire danger and a large average 
distance to the fire station (quadrant 2), low level 
of fire danger and a small average distance to the 
fire station (quadrant 3) high level of fire danger 
and a small average distance to the fire station 
(quadrant 4). 

As can be seen from Fig. 1, the highest level 
of fire danger is observed in such subjects as 
Novgorod Oblast (number 8), Pskov Oblast (9), 
Tver Oblast (25), Arkhangelsk Oblast (3), Lenin- 
grad Oblast (6), Kaluga Oblast (16), for which the 
values of factor |, characterizing the level of fire 
danger, are the most distant from the average val- 
ues in the positive direction. The lowest level of 
fire danger is observed in such subjects as the 
Republic of Dagestan (55), the Kabardino- 
Balkarian Republic (56), the Karachay-Cherkess 
Republicv(57), the Republic of Ingushetia (59), 
the Chechen Republic (60), for which the values 
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PecryOsuka (60), Jit KOTOPBIX 3HadeHHA (akTOpa 
| HanOomee yyaIeHbl OT CpeyHeCTaTHCTH4eCKUX 
3Ha4eHHH B OTPHILaTeJIBHy!0 CTOPOHY. 

Jina daxtopa 5, onvchrBarollero cpeyHee 
paccTosHWe OT MecTa TOx%xKapa ZO MoOxKapHou ya- 
CTH, HawOoslee yasieHbI OT CpeyIHUX 3HAaYeHHM B 
OOJIbIITYHO CTOPOHY TOYUKH, COOTBeTCTByIolmMe He- 
Herkomy AO (4) u UykotcKomy AO (81) (puc. 1). 
Jina 9TUX CyYObEKTOB CpeyHee paccTosHHe JO T0- 
*%KAaPHOM YaCTM CYIMIeCCTBeCHHO BbIIle, 4eM B cper- 
HeM 110 Poccnuckon Denepamnu. B To *xe BpeMA 
CcpeyHee paccTosHHe 710 MOxKapHOM actu WIA 
Kamuatckoro kKpas (75) cyllecTBeHHO MeHBbIIe 
CpeHeEpOCcCHMCKUX MOKa3aTeIeH, COOTBeETCTBYIO- 
iad TOUKAa B (akKTOPHOM WJIOCKOCTH HanOosiee 
yualeHa B CTOPOHY OTPHaTeIbHbIX 3HAaYeHuH 
(baxtTopa 5. 

Ha puc. 2 mpeycTaBsIeHo pacnpeyeseHue B 
IIPOeCKIIMAX Ha (PAKTOPHbIe OCH, COOTBETCTBYFOIIME 
(baxtopam 4 u 2. Jina dakTopa 4 OCHOBHOe MHO- 
2KECTBO TOUCK JIEXKUT B Ipeyemax or —1 Wo 2, WA 
(baxtopa 2 — or —3 yo 3. Pa30ueHue WIOCcKOCcTU 
Ha KBajIpaHTbI 10 OTHOIMICHHIO K HYJICBbIM OCAM 
(pPaKTOPOB TO3BOJIACT YCTAHOBUTb CJICIYFOLLyt!o 
CIpyKTypy paciipeyeseHua PerwOHOB MO KaTero- 
PHAM: BbICOKHH ypOBeHb MOKapHOM OMaCHOCTH UH 
BbICOKHH YpOBeHb COlMaIbHOrO oOecle4ueHHsA 
(KBayIpaHT 1), BbICOKHM YpOBeHb WoO*KapHOH omac- 
HOCTH UH HU3KHH YpOBeHb COMMaIbHOrO ObecrIede- 
Hua (KBaqpaHT 2), HH3KHM YypOBeHb TOxKapHon 
ONacHOCTH HU HU3KUM YpOBeHb COlMalIbHOro obec- 
eyueHua (KBapaHT 3), HH3KHM ypOBeHb To%«Kap- 
HOW OMaCHOCTH UW BbICOKHMM YpOBeHb COIMMasIbHOrO 
oOecneyeHua (KBapaHtT 4). 

Kak BUHO U3 puc. 2, HanOolee yylasleH- 
HbIMM OT CpeyIHeCTaTHCTHYeCKUX 3HAaYeHHH JIA 
(baktopa 4, xapaKTepu3yIOllero ypOBeHb MoxKap- 
HOM OMaCHOCTH, ABJIAKOTCH XaHTbI-Mancuncknu 
AO (45), Amano-Hepnerxkun AO (46), Henenkun 
AO (4), JlexuurpaycKkas oOsacTb (6), MockoscKkaa 
oOmacTb (20), Apocnapckasd OOsacTb (27), Ia KO- 
TOPbIX XapaKTepeH BBICOKHH YypOBeHb Mo*KapHon 
olacHOcTH, a TakxKe PecityOumkKa Xakacua (65), 
KOTOpad XapakTepH3yeTCA HH3KHM YpOBHeM I10- 


*%KaPpHOU OMACHOCTH. 
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of factor 1 are the most distant from the average 
values in the negative direction. 

For factor 5, which describes the average dis- 
tance from the place of fire to the fire station, the 
points corresponding to Nenets Autonomous Dis- 
trict (4) and Chukotka Autonomous District (81) 
are the most distant from the average values 
(Fig.1). For these subjects, the average distance to 
the fire station is significantly higher than the av- 
erage for the Russian Federation. At the same 
time, the average distance to the fire station for 
the Kamchatka Krai (75) is significantly less than 
the average Russian indicators; the corresponding 
point in the factor plane is most distant in the di- 
rection of negative values of factor 5. 

Figure 2 presents the distribution of the pro- 
jections on factorial axes corresponding to the 
factors 4 and 2. For factor 4, the main set of 
points lies within -1 to 2, for factor 2 — from — 3 
to 3. The division of the plane into quadrants with 
respect to zero axes of factors allows us to estab- 
lish the following structure of the distribution of 
regions by categories: high level of fire danger 
and high level of social security (quadrant 1), 
high level of fire danger and low level of social 
security (quadrant 2), low level of fire danger and 
low level of social security (quadrant 3), low lev- 
el of fire danger and high level of social security 
(quadrant 4). 

As Fig. 2 shows, the most distant from the av- 
erage values for factor 4, characterizing the level 
of fire danger are Khanty-Mansiysk AD (45), 
Yamalo-Nenets AD (46), Nenets AD (4), Lenin- 
grad Oblast (6), Moscow Oblast (20), Yaroslavl 
Oblast (27), which are characterized by a high 
level of fire danger, as well as the Republic of 
Khakassia (65), which is characterized by a low 


level of fire danger. 
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Parrop 1 
Puc. 1. PactipegzeneHue ToueK B PaKTOPHOH WOCKOCTU 
«baktop | — daxktTop 5». 
Fig. 1. Distribution of points in the factor plane 
"factor I - factor 5". 





-4 3 aD a 
MaktTop 2 
Puc. 2. PactipezemeHue ToueK B (aKTOPHOM MIOCKOCTU 
«akTop 2 — daktTop 4» 
Fig. 2. Distribution of points in the factor plane 
"factor 2 - factor 4" 
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Puc. 3. Pacnpegenenue ToueK B (aKTOPHOM TIpocTpaHcTBe 


«bakTop 2 — daxtop 5 — daxkTop 4». 


Fig. 3. Distribution of points in factor plane 
"factor 2 - factor 5 - factor 4". 


IIpumMep paciipeyeseHua WpoekiHi PakTOpoB 
B TP€XMepHOM TIpocTpaHcTBe peCTaBsIeH Ha 
puc. 3. B kayectBe ocu z BbIOpaH daktTop 4, xa- 
PaKTepH3YIOWNIMM ypOBeHb MOxKapHON OMaCHOCTH, 
B KaueCTBe ABYX Apyrux oceli BbIOpaHbI PakTOPBI 
2 U5, XapaKTepH3YIOIIMe YpOBeHb COMMasIbHOrO 
oOecnieyeHuaA UH NOKa3aTeiM PyHKIMOHMpoBaHHA 
Tl07%KapHOUW OxpaHbEl. 

3ak1o4eHHe. B pe3yibTate (akKTOPHOrO aHa- 
3a WOKa3zaTeeH MOxKAapHOM ONAaCHOCTH, PYHKIIMO- 
HaJIbHOrO HW peCypCHOrO COCTOAHUA MO*KAapHOUM Oxpa- 
HbI MW WOKa3aTeIeH COMMAJIbHO-IKOHOMHYECKOTO pa3- 
BUTHA CeJIbCKHX MOCesIeHHM CyObeKTOB PoccnicKkori 
DMeyepaumu 3a nepuoy c 2014 no 2016 Ir. BBIABIIeHBI 
(paKTOPbI, CBA3AHHbIC C TO%KAPHOM OMACHOCTbIO B 
CeJIbCKHX MoceeHHAX. ITpopeyeHa OlleHKa BJIMAHHA 
(paKTOPOB, MOPOXKTarOWIUX WOKAPHY!O OMACHOCTb B 
CeyIbCKHX ToceseHuAX. Ilosy4eHHbIe pe3yIbTAaTHI 
TO3BOJIAT paspadoTaTb MepOrpuATHA MO CHY2KCHHIO 
PHCKOB MO2%KapHOU OMACHOCTH B CeJIbCKHX TOCesIeHH- 


ax Poccuuickouw Deepal. 
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An example of the distribution of factor pro- 
jections in three-dimensional space is presented in 
Fig. 3. Factor 4 is chosen to be the z-axis, which 
characterizes the level of fire danger, factors 2 
and 5 are chosen as two other axes, which charac- 
terize the level of social security and indicators of 
functioning of fire protection. 


Conclusion. The factors connected with fire 
danger in rural settlements are found in the factor 
analysis of fire danger indicators, functional and 
resource condition of fire protection and indica- 
tors of social and economic development of rural 
settlements of the Russian Federation subjects for 
the period from 2014 to 2016. The influence of 
factors causing fire danger in rural settlements is 
estimated. The obtained results will allow devel- 
oping the measures to reduce fire risk in rural set- 


tlements of the Russian Federation. 
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PaccmoTpeHa cCTelleHb BO3JIeEMCTBUA TpOn3BO]- 
CTBCHHOM JICATCJIbBHOCTH KOHKPeTHOrO OObeKTAa 
9HepreTuKH KC «laxtunckas» OAO «l'a3npom 
TpaHcra3 KpacHoyjap» Ha OKpyKarolllyro cpeyly. 
IIpeqioxeHbI MepolpuaTua m0 Oosee 9ddexk- 
THBHOM OpraHu3alluu IKONOTMYeCKH Oe30MacHoOn 
JICATCJIBHOCTH CTaHitMu. PekomMeHytyemasa cucTe- 
Ma He TOJIBKO CHH3UT KOJIMYECTBO OTXOJIOB, HO U 
TO3BOJIMT OCYICCTBIATh pekylepaluro Telia 
3HAYUMTeJIBHO IKOHOMUTh IHEPIHtO, BKIIOUAaA T10- 
my4ueHue ropsueH BOI. 


KuroveBbie CJI0OBa: OTXOJbI, TepMMyecKoOe 
oOe3BpexKUBAaHHe, okpyKaromlaa cpeza, 
IIpHpoOOOxpaHHble MepOlpuATHaA, 


pecypcocOepexeHna, HHCUHEeparTop. 

Bpejenne. B Poctrosckow oOsacTu 3Ha4dH- 
TCJIBHYIO YaCTbh B HPOW3BOACTBeEHHOM cCeKTOpe 
COCTaBJIdeT 9SHepreTHYecKHH kKomiIeKc. OAO 
«la3mpom>> — rio0aibHad 9HepreTuyeckasd KOM- 
TaHHA, MOCTaBIIMK ra3a Ha POCCMHHCKOM W 3apy- 
Oe2xKHOM pbIHKe. Ha BHyTpeHHeM ppiHKe | 'a31pomM 
peamM3yeT OobINe NOJOBUHbI MposaBaeMoro La- 
3a W OCYIIeCTBIAeT MOCTaBKy ra3a Ooee 4eM B 
30 cTpaH OsIMOKHErO HU WasibHero 3apyOexKbA. 

PocToBckad OOacTb BXOJMT B YMCIIO perno- 
HOB, Ha TeppHTOpHU KOTOpHIX «Il a3tIpoM» BeeT 
CO3qaHWe CHCTeMBI ra30lpoBOOB «FO KHbIM KO- 
puyop», 
B ra30npoBoy, «KOoKHbIM MOTOK». B coctaB «kOxK- 


HeoOxouMMOH JIA WoOsaywH = rasa 
HOrO IMOTOKa»> BXOAAT OOBEKTHI PocTOBCKOrO JIM- 
HeEMHOTO MIpOH3BOJCTBeEHHOTO yiIpaBsIeHHA Maru- 
CTpaJIbHbIx rasonpoBoy0B (JITTYMIT) OOO «Ia3- 
IIpOM TpaHcra3 Kpacuogap» [1]. Kaxaem u3 Bu- 
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The article considers the impact of the production 
activities of a specific power engineering facility 
Gazprom Transgaz Krasnodar Compressor Sta- 
tion Shakhtinskaya on the environment. It offers 
measures for more efficient organization of eco- 
logically safe operation of the station. The rec- 
ommended system will not only reduce the 
amount of waste, but also allow heat recovery and 
significantly energy saving, including the produc- 
tion of hot water. 


Keywords: waste, thermal detoxification, envi- 
ronment, 


Introduction. Energy sector is a significant 
part in the production sector in the Rostov region. 
Gazprom is a global energy company, a supplier 
of gas to the Russian and foreign markets. Gaz- 
prom sells more than a half of the sold gas on the 
domestic market and supplies gas to more than 30 
neighboring countries and beyond. 

The Rostov region is one of the regions where 
Gazprom is developing the Southern Gas Corri- 
dor system, which is necessary to supply gas to 
the South Stream gas pipeline. The structure of 
the South Stream includes the objects of Rostov 
linear production management of the main gas 


pipelines of Gazprom Transgaz Krasnodar [1]. 
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OB J[@ATCJIbHOCTH, CTeMeCHb BJIMAHHA KOTOPOrO 
lipeycTtaBleHa B paOoTe, OKa3bIBaeT HeraTHBHOe 
BO3CHCTBHe Ha OKpykKarolllylo cpezy. Kpome 
TOrO, OMMCaHbI WpeyiaraeMble aBTOpaMu Mepo- 
IIpHATHA OOecHeYeHHA BKONOFrMYeCKON Oe30rNac- 
HOCTH B pe3ylIbTaTe TeEXHHYeCCKOFO YCOBepIeH- 
CTBOBaHHA TIporecca. 


Martrepnas nuccseqopanna. I lpuopuTeTHbIMu 
OObeEKTaMH, OCYIIECTBIAIOIIMMHM OCHOBHYFO IIpo- 
VW3BOJICTBCHHYIO = JICATCJIbHOCTb =r a30NpoBosa 
«EFOXKHBIN TMOTOK», ABIIAIOTCA 83 Tra30pacipeze- 
NMTeIbHbIe craHuuu (IPC) u 4 KomipeccopHste 
cranumMu (KC): «llaxTunckas»; «KopeHoBcKas»); 
«Ka3aubs»> HW «PyccKaa». KomimpeccopHble cTaH- 
UMM OOectMe4uBaIOT OectiepeOolHylo TpaHcHop- 
THpOBKy ra3a B COOTBeETCTBHH C TWIaHOBOM Tpo- 
VW3BOJMTCIBHOCTBIO Fa30lMpOBOOB. OHM CilyKaT 
YIIpaBJIAKOWIMM 3JIEMCHTOM B KOMIJICKCe COOpy- 
*%KCHHM, COCTABJIAIONIMX MarucTpasIbHbIM 1a30- 
mpopoy. MmMenHo mapametpamu padotsr KC 
OllpeyesaeTCA pexkUM paodorTH! ra3ompoBora. OHU 
TO3BOIAIOT PeryMpOBaTb pexXUM paOoTHI ra30- 
IIpoBowa pu KOeOaHuAX NOTpeOueHuA, MaKCH- 
M@JIbHO HCIIOJIb30BaTb AKKYMYJIMPYIOILy!IO CIIO- 
COOHOCTb ra30mpoBora. 

B KayectBe OObeKTa HCCIeEOBaHuA B aHHOU 
cTaTbe paccmMatpuBaetca KC Llaxtuuckas, Kak 
OHA U3 HavOosIee HOBBIX MH MepCIIeKTHBHBIX, I0- 
CKOJIBKY CTaHIIMA BBeeHa B DIKCIUIyaTallMio C 
2017 roga. ITpou3sBoquTesIbHOCTh CocTaBiIAeT 226 
MIIH. M°/CYT. 

OObeKT peyqHa3Ha4eH Jit KOMIIPHMUPOBa- 
HUA raza, TpaHclOopTupyeMoro IO ra30lIpoBOJLy 
Ha  yyacTKe 3amaqHoro kopuyopa oT 
KC «lIucapeska» qo KC «Kopenosckaa». Bax- 
HOCTb OObBeKTa 3akIKOUaeTCA B OOecTIedeHHe 
TOepkKaHuA HOPMATMBHBIX YCIOBMM TpaHciop- 
THpOBKH Ta3a, HOPpMaTHBHOrO cocTaBa U 6e3- 
onacHocTu (yHKUMOHUpOBaHHA «KOo%KHOrO NOTO- 
Ka» [1]. Texnomormueckaa cxema KC mpeny- 
CMaTpuBaeT: OTOOP U Nosayy ra3a B MarMcTpalib- 
HbIM Ta30lpoBOA; OUMCTKY TpaHciopTupyemoro 
ra3a OT MexIIpHMeceH MW %KMKOCTH; KOMIIPHMH- 


poBaHue U OxsaxKyeHne raza [2]. 


YoxKe Ha 9Tarie IIPOCKTHPOBaHWA CTAHUMU ObLIM 





Each of the activities, the degree of influence of 
which is presented in the work, has a negative 
impact on the environment. In addition, the 
measures proposed by the authors to ensure envi- 
ronmental safety of technical improvement of the 
process are described. 


Study material. Priority objects, which per- 
form the main production activity of the gas pipe- 
line "South Stream", are 83 gas distribution sta- 
tions (GDS), and 4 compressor stations (CS): 
"Sakhtinskaya"; 


and "Russkaya". Compressor stations ensure an 


"Korenovskaya"; "“Kazachya" 
uninterrupted gas transportation in accordance 
with the planned capacity of gas pipelines. They 
serve as a control element in the complex of 
structures that make up the main gas pipeline. It 1s 
the parameters of the CS that determine the mode 
of operation of the pipeline. They allow regulat- 
ing the operation mode of the gas pipeline at con- 
sumption fluctuations, using as much as possible. 
accumulating capacity of the gas pipeline 

CS Shakhtinskaya is considered as the object 
of research in this article, as one of the newest 
and most promising, since the station was put into 
operation in 2017. The production capacity is 226 
million m°/day. 

The object is intended for gas compression 
transported by the gas pipeline on a site of the 
Western corridor from CS "Pisarevka" to CS 
"Korenovskaya". The importance of the facility 1s 
to ensure the maintenance of the regulatory con- 
ditions for gas transportation, regulatory composi- 
tion and safety of the South Stream operation [1]. 
The process flow diagram of the CS includes: se- 
lection and supply of gas to the main gas pipeline; 
cleaning of the transported gas from mechanical 
impurities and liquids; compression and cooling 
of gas [2]. 

Already at the stage of station design, it was 


planned to use the equipment to reduce the nega- 
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IIpeYCMOTpeHO HCIOUb30BaHHve OOOPyOBaHHA 
110 CHWKCHHIO HeraTHBHOrO BO3JIeHCTBHA Ha 
OKpy2KarolllylO cpeyly: yCTaHOBKM OUMCTKH 1a3a, 
TWIOWMaIKH BOXOMNPOBOTHBIX OUMCTHBIX COOpyxKe- 
HH, OUMCTHbIC COOPy2xXeHUA CTOUHBIX BO], yCTa- 
HOBKa TEPMHYECKOLO OOeE3BPe2KUBAHHA OTXOJOB. 

YcTaHOBKa OUMCTKH 1ra3a BKIKOUaeT B CeOs 
OOK IIbIIeyIIOBHTeIeEM HU EMKOCTb COOpa KOHJIeH- 
caTa, yCTaHOBKa lIpeqHa3HayeHa WIA OUMCTKU 
TpaHCIOpTHpyeMOro ©ra3a OT MeXIIPHMeceH, BOJIbI 
WM YrIEBOAOPOAHOrO KOHJIeHCaTa. 

UcTOuHHKOM BOOCHaOxKeHHA Ha CTAHUMH AB- 
NAIOTCA BOXO3A0OPHbIe CKBaxKUHbI (3 padounx, | 
pe3epBHaa). MmMerotca Be CHCTeMbI BOJJOCHAaO- 
29KCHUA: XO3AHCTBCHHO-IIMTBEBON MU IIpOTHBOTIO- 
*KAapHbIM BOAOMpOBOT. AHasIM3 WpoO 43 CKBa2xKHH 
WOKa3aJl, YTO WO XHMMYeCKOMY COCTaBY BOJIbI 
ABJIAHOTCA XJIOPHJHO-rMIpoKapOaHaTHo- 
CyJIb(DUTHBIe WIM XJIOPHJHO-CyIbMaTHO- 
THyapoKapOaHaTHble KasiblMeBO-HaTpHeBBbIe, perxke 
MarHHeBO-KasIbI[MeBO-HaTpHeBble. Boyonoyro- 
TOBKa IIPOXOJMT B BOJOOYMCTHOM OOOpyOBaHun 
Tuna CIITIB, koTropbimt BKurOUaeT B ceOsa: Mper- 
BapUTebHYy!O (UIbTpalMt1o; aspallMto c OOpa3o- 
BaHHemM ocagka Fe(OH)3; o6e3%xele3HBaHHe; 
(DHJIbTpallvi0 Ha TOHKOM OUMCTKe B KapTpuypKax 
lensep. 

OunvcTKa TpOW3BOACTBeHHbIX, XO3AMCTBCHHO- 
ObITOBbIX HM JIMBHEBbIX CTOUHBIX BO], IIPOXOMT B 
yctaHoBKe KOY-40BMUO0O B HecKOIbKO 9TAarOB: 
OMOxXuMMYeCcKad C MpWMeHeHHeM OHOMJICHKH; 
OcBeTJICHHWe C XMMMY4eECKON KOaryalMen; 0- 
O4MCTKa (QuIbTpOBaHveM; 0o0e33apaxKUBaHNHe. 
Iloka3aTeuIM KaveCTBa OUMIICHHBIX CTOUHBIX BOT: 
B3BeLIeCHHbIe BelecTBa — 3mr/n; bIIK9 = 3mr/z; 
a30T AMMOHHMMHBIN — 0,4 mr/n; docdatsr — 0,2 
mr/; OKb — KOE/100 max 500; TKB — 
KOE/100 max<l100; Konmudarn — BOE/100 
mMI<100. Ilocne o4uucTKH cTOKM cCOpacbIBaroTcA 
Ha pesbed. [3]. 

CTaHUMA OCYIIeCTBIAeCT JICATCJIbHOCTbh 0 
cOopy, OOe3BpexXHBaHHIO, TpaHCHOpTHpoBKe U 
pa3MelleHHtO OMaCcHbIX OTXOOB. B pe3yibTaTe 
IIPOH3BOJICTBCEHHOM JICATeCIbHOCTH OOpa3yrOTCA 
45 HauMeCHOBaHHK OTXOOB B OObeme 1184 T/Ton. 


IIpoaHamM3upoBaB OTXOJIbI C YHCTOM BO3MO?KHOM 
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tive impact on the environment: gas treatment 
units, water treatment facilities, wastewater 
treatment plants, waste thermal treatment plant. 

The gas treatment unit includes a dust collec- 
tor unit and a condensate collecting tank, the unit 
is designed to clean the transported gas from me- 
chanical impurities, water and hydrocarbon con- 
densate. 

The source of water supply at the station are 
water wells (3 operating wells and a back-up 
one). There are two water supply systems: drink- 
ing water supply and fire fighting water supply. 
The analysis of samples from wells showed that 
the chemical composition of the water is chloride- 
hydrocarbonate-sulphite or  chloride-sulphate- 
hydrocarbonate calcium-sodium, more rarely - 
magnesium-calcium-sodium. Water treatment 
takes place in water purification equipment of 
drinking water treatment plant type, which in- 
cludes: pre-filtration; aeration to form a residue 
Fe (OH)3; deferrization; filter for fine purification 
in Geyser cartridges. 

Cleaning industrial, domestic and storm sew- 
age 1s in the installation KOU-40BIO in several 
stages: biochemical application of biofilm; clari- 
fication with chemical coagulation; purification 
by filtration; disinfection. Quality characteristics 
of the treated wastewater: suspended solids — 
3mg/l; BOD2 = 3mg/l; ammonium nitrogen — 
0.4 mg/l; phosphates — 0.2 mg/l; TC — 
TBC/100 ml< 500; Total Coliforms — total bac- 
terial count /100 ml<100; coliphages — PFU/100 
ml<100. After cleaning, drains are discharged to 
the terrain [3]. 

The station carries out activities for the collec- 
tion, disposal, transportation and disposal of haz- 
ardous waste. As a result of production activity 
45 types of waste in the volume of 1184 t/year are 
formed. After analyzing the waste taking into ac- 
count the possible subsequent disposal, it is de- 


termined that half of it is a combustible fraction 
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TOcuesyroOMlen YTHIIM3alMu, OlpeyeyeHo, 4TO 
NOJOBUHA ABJIACTCA TOprouent (pakiMe U MOXKET 
TOJIeKATb TepMHYeCKOMy OOe3BPexKUBAaHUIO. 
OOmmMi OObeEM OTXOJOB JIA CRKUTAHUA COCTABIA- 
eT 688 t/rog. IlepeueHb OTXOTOB NPOW3BOACTBA U 
TOTpeOseHHuA, WpearaeMbl K TepMu4eCKON 
YTHJIM3alMu: WWIaM OYMCTKUM OT HedTu U Hed*Te- 
IIPOJYKTOB, OTXOJIbI MUHepasIbHbIX MOTOPHbIX VU 
TYPOHMHHBIX Macesl, MCTaHOJIbHad BO]a, BCIVIbIB- 
Me HEMTeCHpOAYKTbI U3 He@TeOBYIUeK, CUIIMKa- 
rejlb, 3alpx3HCHHbIN HeTeMpOMyKTaMU, OTXOBI 
OT 3a4HMCTKH OOOPyAOBaHHA, OTXObI WOTpebsie- 
Hud. Ha TeppHTOpHu OpraHv30BaH CeJICEKTHBHbIM 
cOop HM HakOIsIeHHe OTXOJIOB B 3€BHCHMOCTH OT 
kylacca OlacHOCTH, (DH3HKO-XUMU4eCKHX 
CBOHCTB, B3PbIBO-IlO%KAapOOMaCHOCTH WU yCIOBUH 
oOpa30BaHHa. Bcero 1a COopa OTXOJOB Ha Tep- 
putopuu KC «llaxtuuckas mpeqHa3sHauaetca 
43 MecTa HaKOMJICHHA OTXOJOB [4]. 

KC Ulaxtuuckaa mpumMenset yctaHosky KTO- 
50. K40 aut @KMTaHusA TBeEpJBIX HW #KUKUX OTXO- 
OB, IpOW3BOUUTebHOCTBIO 0 50 xr/yac. Kom- 
IWI€KC IpeCTaBJIAeT COBOKYHHOCTb OOOpy0Ba- 
HHA, OOeECHeYMBarOllero 3arpy3Ky WU Wosayy OT- 
XOJIOB, TEPMH4ecKoOe OOeE3BPexKUBAaHHe, OYMCTKY 
WM yaseHue JIbIMOBbIX Ta30B, BbITPpy3KY 30JIbI U 
IIPOJLYKTOB ra3004HCTKH (puc. 1). 

OOde3BpexKUBaHHe MpOMCXOJMT B KaMepe CxKH- 
raHua pu Temnepatype 800°—900°C c Bprese- 
HHeM OOUbIUIOrO KOUMYeCTBAa Tella OTXOUAMIMX 
ra30B. B TexXHOJIOrM4eCKON JIMHUM TpeycMoTpe- 
Ha CHCTeMa OYMCTKU JIbIMOBBIX Ta30B: CyXOM Me- 
TO], — 9SKCHO3HIIMA (BbIZep2xKKa) JbIMOBbIX Ta30B 
B KaMepe JO#XUraHHA pu Temiepatype 1|100°— 
1200°C B Teyenue 1,5-—2 cekyHa; xumMu4ecKad 
OuNCTKa — Ta3bl pa30aBIAIOTCA BO3TYXOM, TeM- 
lepatypa cHwxKaetca WO 250°—350°C, Bmecte c 
BO3JYXOM 4epe3 POPCYHKy BBOAUTCA U3BeECTh — 
IyWIOHKa; MexaHWyecKad OYMCTKA OT TBepbIxX 
KOMIIOHEHTOB C TOMOIIbIO TIbIJIeyIOBUTeIA — 
OaTapeHHoro WHkKIOHAa. CymlecTByrolmMe BbIOpO- 
CbI MOCTyMalOT B ATMOCQWepHbIM BO3YX 4epe3 
JbIMOBy!IO TpyOy MHCHHepaTOpHOM ycTaHOBKH. 
3arpsa3HAIOIIHe BeeCTBa: JMOKCH a30Ta, OKCHL 
a30Ta, MeTaH, COJIMHaA KUCIOTAa, JMOKCHJ, Ceppsl, 


OKCH], yrulepoya, ra3000pa3Hbie (PTOpUAbI, HeOp- 





and may be subject to thermal disposal. The total 
volume of waste for incineration 1s 688 tons/year. 
The list of wastes of production and consumption 
proposed for thermal disposal: sludge from puri- 
fication of oil and oil products, waste mineral en- 
gine and turbine oils, methanol water, surfaced 
petroleum products from oil separation, silica gel, 
contaminated with oil products, wastes from 
cleaning equipment, consumption waste. Selec- 
tive collection and accumulation of waste depend- 
ing on the hazard class, physical-chemical proper- 
ties, explosion-fire hazard and formation condi- 
tions are organized on the territory. In total, 43 
waste accumulation sites are intended for waste 
collection in the territory of the CS Shakhtinskaya 
[4]. 

CS Shakhtinskaya uses the installation KTO- 
50. K40 for solid and liquid waste incineration 
with capacity up to 50 kg / h. The complex repre- 
sents a set of equipment providing loading and 
feeding of waste, thermal neutralization, cleaning 
and removal of flue gases, unloading of ash and 


products of gas cleaning (Fig. 1). 


Neutralization takes place in the combustion 
chamber at a temperature of 800°-900°C with the 
release of a large amount of waste heat gases. The 
process line includes a system for cleaning flue 
gases: dry method-exposure (exposure) of flue 
gases in the afterburner at a temperature of 1100°- 
1200°C for 1.5—2 seconds; chemical cleaning — 
gases are diluted with air, the temperature is re- 
duced to 250°-350°C, together with air through 
the nozzle lime — slaked lime 1s introduced; me- 
chanical cleaning of solid components by means 
of dust collector — battery cyclone. The existing 
emissions enter the air through the flue pipe of 
the incinerator. Pollutants: nitrogen dioxide, ni- 
trogen oxide, methane, hydrochloric acid, sulfur 


dioxide, carbon monoxide, gaseous fluorides, in- 


2¢ 
a 








ranvyeckasd WbIb (20-70% SiO). B pe3ymbtate 


CKUTAHUA TBEPAbIX HW %XUAKUX OTXOJOB OOpa3y- 
CTCA 30JIBHBIM OCTATOK, yasIeHve KOTOPOrO po- 
W3BOJIMTCA B MeTaJWIM4eCKHM OyHKep, OTKya OT- 
XOJbI MepewaroTca 10 WoroBopy cilemManM3upo- 
BaHHOMy lIpeampuaTuro [5]. 


Solid waste up to 50 kg/h 
Teepawe oTxogbl 90 50 Kr/yac 










Fuel (gas) 911 kg/h 







Kf. 1100-1200 C 





Bo3gyx 150 Hm3/4ac 


Air 150 Nm*h 
Lime 2.5 kg/h 
Viapecte 2,5 Kr/4ac 
Bo3gyx 850 Hm3/4ac 
Air 850 Nm*h 


VucMHeparop 
Tonaneo (ra3) 9-11 Kr/4aC} ve een cone Incinerator 


organic dust (20-70% SiO2). As a result of solid 
and liquid waste incineration, ash residue is 
formed, which is disposed in a metal bunker, 
from where the waste is transferred under the 


contract to a specialized enterprise [5]. 


Liquid waste up to 50 kg/h 
*KugKKe OTxogpl go 50 Kr/yac 


CxaTHA BO3gyx Kr/K KMQKMX OTXOgOR 


Compressed air kg/kg of liquid waste 


30na 0,5-10 er/4ac 
Ash 0.5-10 kg/h 










Abimopwe raabl 







Nbineynosutenb 
Dust collector 


Bosnyx 1250 Hm3/Yac 
Air 1250 Noh 


Gas treatment products, 

fly ash 3. 52-4.68 kg/h 

MpogyKTbl fa2OOHMCTKM, 

netyyaa 30na 3, 52-4,68 wr/yac 
_P> 


3.82 - 4.68 @ Mac 


Abimosne raabl HM3/4ac 
Flue gdses Nm.“h 


Apimococ 


Exhauster 





Flue gases igto the chimney 
Abimostie ra3bi B AbIMOBy1O Tpy6y 


Puc. 1. KTO-50. K40 
Fig. 1. KTO-50. K40 


Pe3y1bTaTbI HcCcIeqOBaHHA. B pe3yiibTaTe 
aHasI3a CYIIeCTBYIOMIMX TIpHpOOOXpaHHbIx Me- 
PONpHATHM WU CTeHeHH BO3eHCTBUA CTaHIMH Ha 
OKPyKarollly!O Cpeyly BbIABJICHa MpoOsIeMa Heco- 
BepIIeHHOM CHCTeMbI OOpallleHua C OTXOaMH Ha 
TeppuTOpHu OOBeKTA. 

ComocTaBileHve KOJIM4eCCTBA OTXOJOB TOpro- 
yeh (pakiuu u npou3BosuTembHOCcCTH KTO- 
50. K40 o3BONMJIO OTMETHTb Cpa3y Ba aciieKTa 
SKONOIM4eCKON IpoOOeMbl: MaKCMMalIbHad Tpo- 


Research results. As a result of the analysis 
of the existing environmental protection measures 
and the degree of the impact of the plant on the 
environment, the problem of an imperfect waste 
management system in the territory of the object 
is found. 

The comparison of the amount of combustible 


waste and KTO-50. K40 capacity made it possi- 


ble to note two aspects of the environmental prob- 
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VW3BOJMTCIBHOCTb YCTaHOBKH 3Ha4HTeJIbHO 
MeHbIIMe KOJIM4CCTBA FOPIOUMX OTXOOB, OOpa3y- 
FOIMXCA Ha TeppHTOPHU TIPOMbIMIeCHHOM TWJI0- 
maiku (688 1T/rogx cooTBetctByet 79,63 xkr/4); 
IIPHCYTCTByeT Cepbe3HOe TelsIOBOe 3arpsA3HeHHe 
okpyxarollen cpezb. Il[poaHamu3upoBaB mpu- 
MepHbIM (ppakIMMOHHBIM COCTaB OTXOJIOB, Olmpeye- 
NeHO COJlep2KaHve KOMMOHEHTOB B roproyeli CMe- 
cu: C = 53%, H = 6,6, O = 8%, N = 2,8, S = 3,7 
%, Bara W = 20%, 30bHbIM OcTaTOK A = 5,9%. 
TemmoTa cropaHua onpezenieHa m0 dopmysie 
Meuyeseepa u coctapiseT 23 823,19 kJxK/kr. 
TakuM o0pa30M, cropaHHe | kr OTXOJIOB UM X%KUI- 
KOM MeTaHOJIbHOM dpakWMH COMmpoBoOxKTaercar 
BbIWeeHveM 23 800 KJDK TemIo0BON dHeprun. C 
YU4eCTOM MAaccbI rOplouux OTXOJIOB, B TeYeHHe 4a- 
ca BbIgemsetca | 897 040,62 kKJK Tersia. 

CHH3HTb TeMJIOBYIO Halpy3KY BO3MO2%KHO IIpu 
HCHOJIb30BaHHH Telia OTXOTAMUX ra30B WIA XO- 
3AHCTBCHHO-OBITOBBIX HYK MpeAMPUATUA BKIIO- 
4MB B CHCTCMYy TeIVIOOOMeHHHK, a OOUTHCH 
CHYWDKeCHHA KOJIMYECTBA OTXOJIOB BO3MO2%KHO Ily- 
TeM T000pa WHHCHHepatopa c OobINIeM Tpou3- 
BOJJMTCJIBHOCTBIO. 

Bb TIpOu3BeeH aHasIM3 BO3MO2KHBIX YCTaHO- 
BOK JIA TEPMUYECKOLO OOe3BPe2xXKUBAHUA OTXOJIOB 
C IIpOW3BOJHTeIbHOCTHIO OT 80 kr/y. OlTHMalIb- 
HbIM MeCTOJIOM ABJIAeCTCA TepMU4eCKOe OOe3BPe- 
2%KUBaHWe OTXOAOB Ha MecTe OOpa30BaHHA. B pe- 
3ylIbTaTe lIpuMeHeHua wuHcuHepaTopa WMH-50.8 
OyleT pellleHa MpoOseMa CKIIaqMpOBaHuA OTXO- 
OB Ha TeppuHTopuu oOOBeKTa, a BBbIeIAeMad 
9Heprua OyeT HallpaBsleHa Ha HarpeB BOI WIA 
TeXHH4eCKHUX HW XO3AMCTBCHHO-OBITOBBIX HYKJI. 
TakuM OO0pa30M, CHH3ATCA SKOHOMHYeCCKHE 3a- 
TpaTbI Ha WICKTPOSHEPrHo, a TaK2Ke COKpaTHTCA 
TeIIOBOe BO3HeEMCTBHe Ha OKpy?Kalollly!o Mpu- 
POHY!O cpelly. 

IIpou3BOXUTeNBHOCTb YCTAaHOBKH COCTABJIACT 
150 xkr/4, 4TO TO3BOAeCT MOABEprHyTb ecTpyK- 
THBHOMY Ppa3pYIICHHFO HU OTXOJBI C Apyrux oOB- 
exToB OAO «la3mpomM tTpaHcra3 KpacHoyap». 
YcTaHOBKa OCHallleHa JBYMA BUyaMu teyen. B 
KaMepe OKHraHHA IpOWCXOAHUT TepMuyecKoe 
pa3IOxKeHve OpraHv4ecKOM 4acTH, B pe3syIbTaTe 
yero OOpa3yeTca 30a, Taslee OTXObI MOCTYHatoT 
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lem: the maximum capacity of the plant 1s much 
less than the amount of combustible waste gener- 
ated on the territory of the industrial site (688 
t/year corresponds to 79.63 kg/h); there is a seri- 
ous thermal pollution of the environment. After 
analyzing the approximate fractional composition 
of waste, the content of components in the com- 
bustible mixture was determined: C = 53%, H = 
6.6, O = 8%, N = 2.8, S = 3.7 %, moisture W = 
20%, ash residue A = 5.9%. The combustion heat 
is determined by the Mendeleev formula and is 23 
823.19 kJ/kg. Thus, the combustion of 1 kg of 
waste and liquid methanol fraction is accompa- 
nied by the release of 23 800 kJ of thermal ener- 
gy. Given the mass of combustible waste | 897 
040.62 kJ of heat is released in one hour. 

It 1s possible to reduce the thermal load when 
using the heat of waste gases for household needs 
of the enterprise by including a heat exchanger in 
the system, and to reduce the amount of waste is 
possible by selecting an incinerator with greater 
productivity. 

The analysis was conducted of possible instal- 
lations for thermal disposal of waste with a capac- 
ity from 80 kg/h. The best method is thermal dis- 
posal of waste on the site. As a result of applica- 
tion of Insinerator IN-50.8 the problem of waste 
storage in the territory of the object will be 
solved, and the released energy will be directed 
on water heating for technical and economic 
needs. Thus, the economic costs of electricity will 
be reduced, as well as the thermal impact on the 
natural environment will be reduced. 

The capacity of the plant is 150 kg/h, which 
allows subjecting waste from other facilities of 
Gazprom Transgaz Krasnodar to destruction. The 
unit 1s equipped with two types of furnaces. In the 
combustion chamber, there is a thermal decompo- 
sition of the organic part, resulting in ash, and 
then the waste enters the afterburner. Here is the 


final oxidation of gases to produce CO» and water 








B KaMepy JOXKMTaHHA. 371eCb IIPOMCXOJMT OKOH- 
yaTesIbHoOe OKUCJICHHe Ta30B C WOuyYeHHeM CO» 
Mw BOAAHOTO Mapa HzO (puc. 2). baaroyapsa cu- 
CTeMe JOXKUTaHHA JIbIMOBbIX Fa30B MU OOe3BPexKH- 
BaHHIO BbIOpOCOB, B aTMOC(epy He MOCTyMaroT 
BPeIHbIe BeILeCTBA. 


Tank for preparation & anpencmoe neste 
of solution of soda PACMBOPaCodel » iii 
| Emerngen e 
Gumerppymacne | Kamprdonarn 
Bag filter Cxpy66ep Tennoo6m ose 


“Scmibber | Heat-exchange unit — 


eyed 


vapor H2O (Fig. 2). Due to the system of after- 


burning of flue gases and neutralization of emis- 
sions, harmful substances do not enter the atmos- 


phere. 
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Puc. 2. Uncunepatop 50.8 


Fig. 2. Incinerator 50.8 


IIpomecc ropeHua roproyett (pakiHu cormpo- 
BOKTAeTCA BbIeCICHHeM TIpOyKTOB ropeHus. B 
llepecueTe Ha Maccy roproyuero BelllecTBa B Te4ye- 
Hue aca BbIfetsetca 588,17 mw IIpOYKTOB Tro- 
peHua, BKIFOUAIOMIMX 79 Mw CO; 399,1 M N>; 78 
m> H20; 2,07 m’ SOd. 

OTxoyslIMe ra3bl 43 Weyer WoxKUra WomayarorT 
B TeIJIOOOMCHHHK HMHCHHepaTOpHOM yCTaHOBKH, 
B KOTOPOM OCYIIICCTBIIACTCA TEMJIOOOMeH MeEXKLY 
JIBYMA TCIJIOHOCHTeIAMH = — BbICOKOTeMIepa- 
TYPHbIMU TIpOJyKTaMU TrOopeHuA MU BOOM, UMerO- 
IMMU pa3JIM4Hble TeMiMepatypbl. PaccMOoTpeHbI Uu 
IIpOaHasIM3MpOBaHbl KOHCTPyKIMM KOXKYXOTpyO- 
YaTbIX, WJIACTHHUATbIX TeMJIOOOMCHHMKOB Vi all- 
TlapaTOB C J[BOMHbIMH CTeHKaMHu. OnTHMasIbHbIMU 


TO KOHCTPYKTHBHbIM OCOOCHHOCTAM SABJIAEOTCA 


The combustion process of the combustible 
fraction is accompanied by the release of combus- 
tion products. In terms of mass of combustible 
material 588.17 m3 of combustion products are 
released in an hour, including CO, 79 m: 399.1 
m N>; 78 m 20; 2.07 m SOd>. 

Flue gases from afterburner furnaces enter the 
heat exchanger of the incinerator unit, in which 
goes the heat exchange between two heat carriers, 
which have different temperatures —  high- 
temperature combustion products and water. De- 
signs of shell-and-tube, plate heat exchangers and 
devices with double walls are considered and ana- 


lyzed. The best designs are the devices with a flat 
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YCTPOWCTBa C IWIOCKOM MOBepXHOCTbHO Tersone- 
peqauu, JWId KOTOpbIX KOSMMuLMeHT TeloMepe- 
Wauu HanOoslee BbICOK Ip HeOObIIOM ru paB- 
NMYeCCKOM COMPOTHBIeCHHH. TemmoTa OTXOJALIIMx 
ra30B HelpepbIBHO Tepegzaérca K HarpeBaemon 
cpeyle Yepe3 CTCHKY, pa3euAIOMLy1O cpeybI. Ten- 
JIOOOMCHHUK TO3BOJIACT OCYIICCTBJIATh peKyrie- 
paluro Tera, 9kKOHOMA TO 30-40 % motpebssae- 
MOM DHeEpruv, HU MO#KeT ObITb UCIHOb30BaH Kak 
JIONOJIHUTeEIbHbIM (Pe3epBHBIN) MCTOUHUK TeIJI0- 
MW ropsyero BOAOCHaO*KeHHA OOBEKTA. 

CuctemMa ra3004UHCTKH MHOrocTyneHyatTad U 
BKJIKOUAeT: UMKIOH JIA OTHeJICHHA Tb MeTO- 
HOM TOCI€XOBaTeIbHOrO pa3esICHHA TOTOKOB; 
ckpyOOep, NO3BOJAKOIUMM YIOBUTb ra3000pa3Hble 
WM JIMCHepcHble WpuMecn; aycopbep Ia yqaneHua 
TOKCH4YHBIX KOMMOHEHTOB. baaroyapa Tako cu- 
CT€Me MaKCHMaJIbHO CHW2KCHO HeraTHBHOe BO3- 
WeHCTBMe Ha OKpyKarolllylo cpeyly, MOCKOJIbKy 
39(eKTHBHOCTb OYHMCTKH JOcTuraeT 99%. 

3aksouenne. [Ipeqox*xeHHaa cucTema oOpa- 
ICHHA C OTXOAMM ABIIACTCAH HE TOJIbKO 3KOHO- 
MHM4YCCKH BbIFOJHOU JIA pes IpuATHA UW MOMO- 
%KET COKPATHTh JIMMIE pacxOJbl Ha YCIIYIM CTO- 
POHHUX OpraHH3alMi 10 OOpallleHuro Cc OTXO]a- 
MH, UCKIOUaeT 3aTPaThbI, UyuWMe Ha OatTy ro- 
pauei BOJbI, HO HW MOMOXKeT COKpaTHTb HeraTuB- 
Hoe BO3JeHMCTBHe Ha OKpyKarollly!o cpeyly, 4TO 
HeECOMHEHHO ABJIACTCA IpeporaTHuBOH s1OOOTO 
IIPOMBILIJICHHOrO OOBEKTA. 
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heat transfer surface, for which the heat transfer 
coefficient is highest at low hydraulic resistance. 
The heat of the exhaust gases is continuously 
transmitted to the heated medium through the 
wall separating the medium. The heat exchanger 
allows heat recovery, saving up to 30-40% of the 
consumed energy, and can be used as an addi- 
tional (backup) source of heat and hot water sup- 
ply of the object. 

The gas cleaning system is multistage and in- 
cludes: cyclone for dust separation by method of 
sequential separation of flows; scrubber for catch- 
ing gaseous and dispersed impurities; adsorber for 
removal of toxic components. Thanks to this sys- 
tem, the negative impact on the environment is 
minimized as much as possible, since the cleaning 


efficiency reaches 99%. 


Conclusion. The proposed waste management 
system is not only cost-effective for the enterprise 
and will help to reduce unnecessary costs for 
third-party services for waste management, elimi- 
nates the cost of paying for hot water, but also 
helps to reduce the negative impact on the envi- 
ronment, which is undoubtedly the prerogative of 


any industrial facility. 
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OTMeYeHEI OCHOBHBIe€ IyTH CTpaTeruu ycTonun- 
BOrO pa3BuTHA Poccuu TIpH BbIXOe 3 IKONOTU- 
yeckoro Kpv3uca. B uccieqOBaHuH CyelaH aK- 
IlGHT Ha aJIMMHUCTpaTHBHO-IIpaBOBOH aCIIeKT 
mpoOmempl. [[poanamn3upoBaHbl HW3MeCHCHUA 3KO- 
NOrMy4ecKOrO 3aKOHOAaTeIbCTBAa 3a TepwHoy Cc 
2013 no 2017 roy. Ipuspeyzenh MOHUTOPUHT 3KO- 
NOrMy4ecKHX TpaBOHapylieHHu Ha TeppuTopun 
PocToBCcKOM OOacTH 3a yKa3aHHbIt Tepuoy. Bsl- 
MOJHeHa UMCeHHad OWeHKa WM COMOCTaBsIeEHHe 
yujepOa 9SKOJIOrMYeCKOH MpupowHOHW cpeye OT 
HapylleHHi, a Tak2xKe LWITpamosB pu aMUHUCTpa- 
THBHOU OTBETCTBEHHOCTH. 

KuroueBbie = CJ10Ba: 


yCTOH4MBOe pa3BHTHe, 


IKOJIOTHATECCKOC 3aAKOHOJAaTCJIBCTBO, 


9KOUOrMYeCKHe IpaBoHapyllleHHaA. 


BpegeHne. Pa3suTve MpoOu3BOACTBeHHOrO 


ceKTOpa, XHMMM3aIIMA CeIbCKOrTO XO3AMCTBA, 
ObICTpble TEMMbI pOcta HU ycuOKHeEHUe ypOO9KO- 
CHCTeEM TIPWBOAAT K erpalauuu OKpyxKaroisev 
IIpHpoqHOW cpeybl. CoBppemMeHHoe B3anMoser- 
CTBHe 4eOBeKa UH TIPHpObl CBUCTeJIBCTBYeT O 
Cepbe3HOM UW 3aTA2KHOM 9KOJIOTMYECKOM KpH3Hce 
Kak B Poccnu, Tak 4 B Mupe. boratTcTBa NpuposBl, 
€€ BO3MOXKHOCTh OOeCIeYMBaTb KOM(OPTHOE Cy- 
IecTBOBaHHe OOM[ecTBa OKa3aIMcb He Oe3rpa- 
HM4HBIMH. IIpolecc CaMOBOCCTaHOBJICHHA 3a- 
TPpyJHeH CTeIMeHbIO HeraTHBHOTO aHTpOTMOreHHo- 


ro Bo3yevcTBua. IlpH cOoBpeMeHHOM 9KOJIOrMYe- 
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The paper deals with the main ways of sustaina- 
ble development strategy of Russia at ecological 
crisis recovery. The study focuses on the adminis- 
trative and legal aspect of the problem. The arti- 
cle analyzes changes in environmental legislation 
for the period from 2013 to 2017. Monitoring of 
ecological violations in the territory of the Rostov 
region for the specified period has been conduct- 
ed. The paper provides numerical evaluation and 
comparison of damage to the natural environment 
from violations and penalties in administrative 
responsibility. 


Keywords: sustainable development, environ- 
mental legislation, environmental offenses. 


Introduction. The development of the pro- 
ductive sector, the chemicalization of agriculture, 
rapid growth and the complexity of urban ecosys- 
tems lead to environmental degradation. Modern 
interaction between man and nature testifies to a 
serious and prolonged ecological crisis both in 
Russia and in the world. The riches of nature, its 
ability to provide a comfortable existence of soci- 
ety are not unlimited. The process of self- 
recovery 1s complicated by the degree of negative 
anthropogenic impact. In today's ecological crisis, 


there is a dissonance between the growing needs 
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CKOM KpH3HCe BO3HUKaeT JMCCOHAaHC MexK Ly pac- 
TYIIMMU MOTpeOHOCTAMH 4eIOBeYeCTBAa UM HECIIO- 
COOHOCTbIO OnOCdepbi UX OOeCIeuHTB. 

IlocranoskKa 3aqa4un. CcdopmMysMpoBats tep- 
CHeKTHBHbIe HallpaBsIeHHA BIXOa U3 IKOJIO‘M- 
yeCKOrO KpW3HCa C MOMOIIbIO aHasIM3a U3MeHe- 
HUM IKOJOPMYECKOTO 3AKOHOATeIbCTBa H MOHU- 
TOPHHTa IKOJOTMYeCKHX TpaBOHapyuleHuH Ha 
Tepputopun PocrosBcKow oOacTH B MepnHoy c 
2013 no 2017 rox. 

Teopetwueckan uacrb. [locieq0BaTenbHbIi 
Tlepexo, K YCTOMYMBOMY pa3BUTHIO OOecIIeuuBa- 
eT cOallaHCHpoBaHHoe pellleHwe cCOllMasJIbHO- 
SKOHOMHYCCKHX 3aa4d CTpaHbl WU WpooseM co- 
XpaHeHua OarONpHATHON OKpyrkKarollen CpeyIbI C 
I[@JIbKO YJOBJIETBOPeCHHA MOTpeOHOCTeH HBbIHeILI- 
Hero W OyayuMx WOKOeHuH. AHasIM3 9KOJIOIU- 
yecKOH OOcTaHOBKH B Poccuu MO3BOAeT BbITe- 
NMTb WATb IPHOPUTeTHBIX HallpaBJICHHM BbIXOa 
43 9KONOrMYecKOroO Kpu3uca [1]: 

- TEXHWY4eECKOe UH TEXHOIOIM4eCKOe: CO3TaHue 
M BHepeHve B IIPpOM3BOACTBEHHBIe IIpPOIeccbl 
HOBBIX pecypcocOeperarlolux HW MasIOOTXOHbIX 
TEXHOJIOFMH, OOOPyOBaHHe OYMCTKU BBIOPOCOR, 
oOe3BpexKUBaHHe CTOYHBIX BOI, WepepadotkKa OT- 
XOJIOB, TO e€CTb MepbI, MO3BOJIAIOWIMe CHH3UTb 
BJIMAHHE MIPOMbIILJICHHOrO CeKTOpa Ha Ouocdepy; 

- pa3BHTHWe UM COBEPIIICHCTBOBaHve 3IKOHOMH- 
yeCKOrO Me€XaHW3Ma OxpaHbI OKpy2Karollen cpe- 
IibI: pa3BuTHe 3PMeKTUBHOU COIMMAIbHO HU IKOIIO- 
TH4eCKN OPHCHTHPOBAaHHOU PbIHOUHON IKOHOMU- 
KM, OOeCHeYMBAaOMeH JOCTOMHEIN YPOBeCHb 2KH3- 
HU JON, IKOMOTMYeECKYHO UMCTOTY HU KOHKypeH- 
TOCHOCOOHOCTS TIPOAyKIMU, alanTalu1o mpon3- 
BOJCTBCHHOrO TOTeHIMasIa K H3MCHeCHHAM PBI- 
HOUHOM KOHBIOHKTYPHI; 

- aJIMMHMCTpaTUBHO-IIpaBoBoe:  COBepIteH- 
CTBOBaHHe JICMCTBYIOINICrO 3AKOHOAaTeJIBCTBA; 

- JKOJIOLO-IIpOCcBeTHTeIbCKOe: POPMUpPOBaHHe 
9KOJIOFHYECKOrO MHPOBO33peHHA OOMIeECTBA, CO- 
3],aHWe COOTBETCTBYFOINeH CHCTeEMBI OOpa30BaHHA 
WM BOCIIMTaHHA. 

- M@KTYHapoOHO-lpaBoBoe: MexKTyHAaposHoe 
COTPyYJHVMYeCTBO, MOepxkKa MUPOBbIX MHUIMA- 
THB, HalipaBJICHHbIX Ha TyOOaIbHOe pellleHHe 


IKOJOFHYeCKHX TpoOsiemM. 





of humankind and the inability of the biosphere to 
provide them. 

Problem statement. It is to formulate per- 
spective directions of ecological crisis recovery 
by means of the analysis of ecological legislation 
changes and monitoring of ecological violations 
in the territory of the Rostov region for the period 
from 2013 to 2017. 

Theoretical part. A consistent transition to 
sustainable development provides a balanced so- 
lution to the country's socio-economic problems 
and to the problems of preserving a favorable en- 
vironment in order to meet the needs of present 
and future generations. The analysis of the eco- 
logical situation in Russia allows us to allocate 
five priority directions of ecological crisis recov- 
ery [1]: 

- technical and technological: creation and 
implementation in production processes of new 
resource-saving and low-waste technologies, 
equipment for emissions purification, waste water 
disposal, waste treatment, that 1s, measures to re- 
duce the impact of the industrial sector on the bi- 
osphere; 

- development and improvement of the eco- 
nomic mechanism of environmental protection: 
development of an effective socially and envi- 
ronmentally oriented market economy, providing 
a decent standard of living, environmental clean- 
liness and competitiveness of products, adaptation 
of production capacity to market changes; 

- administrative and legal: improvement of the 
current legislation; 

- ecological and educational: formation of 
ecological outlook of society, creation of the cor- 
responding system of education; 

- international legal: international cooperation, 
support of global initiatives aimed at global solu- 
tion of environmental problems. 

This study is aimed at the examining of ad- 


ministrative and legal direction of the sustainable 
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Hactosiee uccieqoBaHve HalipaBsieHoO Ha 
paccmMoTpeHue ayJIMMHUCTpaTHBHO-lpaBoBOro 
HallpaBsieHia CTpaTeruu yCTOMY4MBOrO pa3BUTHA. 
Pa3pa0oTKa rpaMOTHOM TpaBOBOM OCHOBBI 3KOJIO- 
TMYeCKOIO 3aKOHOATeIbCTBa CTpaHbl paccmaTpu- 
BaeTCA Kak ()YHJJaMeCHT Tepexojla K TaKOMY pa3BH- 
Tuo. IIporecc CoBeplieHCTBOBaHuA COBPeEMeHHOTO 
IIpHposOoxpaHHoro 3aKOHOaTesIbcTBa P®M ocy- 
II[CCTBJIACTCA ITYTeEM H3MCHeEHHM VM TOMpaBOK, BHe- 
CCHHBIX B OCHOBHBIe (peJepasIbHble 3AKOHBI. 

C euIbIO NpHBAeYeHHA BHUMAaHHA OOWIeECTBA K 
IIpoOleMaM COCTOAHHA OKpyxKarollen MpuposHOU 
CpeybI, COxpaHeHuad ONOMOTMYeECKOrO pa3sHoodpa- 
3HA WU OOeCHeYeCHHA IKONOIMYeECKON Oe30MacHo- 
cru, 2013 roy Ob OObABIICH TOXOM OxpaHbI 
OKpyxKarollleH cpebl corsiacHo yKa3y IIpe3suyeu- 
Ta P® or 10 aprycta 2012 r. Ne 1157. B anpape 
2016 r. IIpesugent P® noyzmucan yka3 0 mpoBe- 
nenuu B 2017 roxy B PoccutcKkon Denepannu 
Towa SKOJOFHH OCOOO OXpaHAeMBIX IIPHPOIHbIX 
TeppuTopu. ABTOpaM Tpey{cTaBJIAJIOCb WHTe- 
PeCHbIM IIpoaHasIM3HpOBaTb UTOIM B3aHMOJeH- 
CTBHA OOMeCTBAa UH TpuposbI B STOT TepHor. 
IIpoBeyqeHHBIM aBTOpaMu 0630p H3MeHeHHH 3KO- 
NOTMYeECKOFO 3AKOHOATCJIBCTBa 3ATPOHYII 3aKO- 
HOJaTeJIbCTBO OO OKpyxKarolleH cpeye, O npu- 
POJHBIX KOMIIIe€KCax HU IpuposopecypcHoe 3aKo- 
HOJIaTCJIBCTBO. 

3aKOHOaTesIbCTBO OO OKpyKarollew cpeye 
BKIHOUaeT B CeOa DesepalibHble 3aKOHbI: OT 10 
aHBapa 2002 r. Ne 7-3 «OO oxpaHe okpyKato- 
mew cpezbm, oT 24 uroHa 1998 r. Ne 89-D3 «OO 
OTXO1aX IPOW3BOJCTBA HU MOTpeOMeHHA» u Ip. [2, 
3]. I[poBeqeHHpm 0030p U3MeHeHUM 3a IIATb JIeT 
TOKa3aJl, UTO CTATbU BBILMIeMepeC4YUCJICHHBIX 3aKO- 
HOB BUOM3MCHHJIMCh B IIpONeCHTHOM OTHOMCHHU 
Ha 48 % u 76 % COOTBETCTBEHHO. 3aKOH No 7-03 
Obl QOnNONHeH 31 MyHKTOM u 12 cTaTbamMu, 10 
ITYHKTOB U | cTaTbA MCKIHOUeHEI. B 3aKOHe Ne 89- 
®3 joOaBseHo 42 TyHKTa u 8 CTaTeH, 6 MYHKTOB 
yTpaTwiu CHIIy. 

K 3aKOHOaTeJIbCTBY O IIPHPOJHBIX KOMIICK- 
cax OTHOCHTcaA MDeepasbHbIM 3aKOH Ne 33-03 or 
14 mapta 1995 r. «OO ocob0 oxpaHseMBIx IIpH- 
POJHBIX TeppuTOpuAX». 3a paccMaTpHBaeMBIn 
llepHoy, B Hero ObWIO WOOaBNeHO 2 cTaTbH, 7 
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development strategy. The development of a 
competent legal framework of the country's envi- 
ronmental legislation is considered as the founda- 
tion for the transition to such development. The 
process of improving the current environmental 
legislation of the Russian Federation is carried 
out by changes and amendments to the main Fed- 
eral laws. 

In order to attract public attention to the prob- 
lems of the state of the environment, biodiversity 
conservation and environmental safety, 2013 was 
declared the year of environmental protection in 
accordance with the Decree of the President of 
the Russian Federation of August 10, 2012 No. 
1157. In January 2016, the Russian President 
signed a decree on having the year of ecology of 
specially protected natural areas in the Russian 
Federation in 2017. The authors found it interest- 
ing to analyze the results of the interaction be- 
tween society and nature in this period. The au- 
thors' review of the changes in environmental leg- 
islation touches upon the legislation on the envi- 
ronment, natural complexes and natural resource 
legislation. 

The legislation on the environment includes 
Federal laws: from January 10, 2002 No. 7-FZ 
"On environmental protection", from June 24, 
1998 No. 89-FZ "On production and consumption 
wastes", etc. [2, 3]. A five-year review of the 
changes has showed that the articles of the above- 
mentioned laws have changed in percentage terms 
by 48% and 76%, respectively. Law No. 7-FZ has 
been amended by 31 paragraphs and 12 articles, 
10 paragraphs and | article were excluded. Law 
No. 89-FZ has added 42 points and 8 articles, 6 
points have ceased to be in force. 


The legislation on natural complexes includes 
Federal law No. 33-FZ of 14 March 1995 “On 
specially protected natural territories”. During the 
period under review, 2 articles, 7 paragraphs have 
been added, and 4 articles have ceased to be in 
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ITYHKTOB, TIpu 3TOM 4 cTaTBU yTpaTusM curly [4]. 

IIpupoyopecypcHoe 3aKOHOaTeJIbCTBO Oosee 
pa3BHTO, UMeeT OOUbIIMH yeJIbHBIM Bec. K Hemy 
OTHOCATCA CrezyrolutMe DeepasIbHble 3AKOHBI: 

e oT 4 maa 1999 r. No 96-03 «OO oxpaHe 
aTMOC(epHoro BO3TyxXa»». OH WoMOuHeH 5 4acTsA- 
MH MM 2 CTaTbAMH; 5 aOsalleB HCKIIOUeHEI [5]; 

e oT 3 wroHa 2006 r. Ne 74-03 «BoyHsn 
koyekc PoccuucKouw Mexepanuu». JlonomHeHo 25 
yacTeH u 3 cTaTbu; 7 YacTeH MUCKIEOUeHEI [6]; 

e oT 04 yexadpsa 2006 r. Ne 200-03 «Jlec- 
HOW KoyeKc Poccuiickow Dexepatuu». JloOaBse- 
Ho 51 uacTevt 4 ITyHKTOB, 34 CTaTbY; HCKIIOUeCHO 
14 yactTev HM ITyHKTOR, 8 craten [7]; 

e oT 21 despana 1992 r. Ne 2395-1 «O 
Heypax». JJoOapieHo 27 uacrevi u 5 crate; 2 
YacTH HCKJIEOUeCHBI [8]; 

IIpoBeeHHbIN aHasIn3 MO3BOIIAeT CeuaTb BBI- 
BO O TOM, UTO COBPCEMeCHHOe 3aKOHOJATeJIBCTBO 
HaxOJIMTCA B CTaqWM CTaHOBJICHUA, CTPeMACh 
YHOBJICTBOPUTb Kak TOTpeOHOCTH OOMeCTBAa, Tak 
WM TpeOoBaHHA KOHTpOMpyrIolMx opraHos. Kou- 
TPOJIMpyFOWIMMU OpraHaMy Ha IIpoOTsKeHHM MATH 
eT UPpOBOWIMCh MHOTOUNCIICHHbIe MIpOBepKH, 
BbIABJIAIHCh HapylleHua B Cbepe MpupoAONOb- 
30BaHHA, TpOBOTMIMCh MeponpuaATus, HalpasB- 
JIGHHbIec Ha YCTpaHeHve TaKHX HapylieHuh, eA- 
TEJIBHOCTb MPOW3BOJCTB UM OpraHH3alMi MpuBo- 
JIMIaCb B COOTBETCTBHE C 3AKOHOAaTeJIBCTBOM. C 
I[@IbIO TOJBeeHHA UTOFOB 3JTOM padoTbI ObII 
IIPOM3BeJJeH MOHUTOPHHY SKOJIOIM4eCKUX TIpaBo- 
HapyleHui B PocToBcKol OOsIacTu 3a Mepuor c 
2013 mo 2017 ron. 

Ilo aHHbIM caviTa IIpokypaTypbl MocTpoeH 
rpaduk (puc. 1), oTpaxkaroliui KOJIMYeECTBO 3KO- 
NOrMYeCKUX TWpaBOHapylIeHHH 3a OTYeCTHBIM Me- 
puon. HawuOombiiee 4aucno dakToB HecoosHOZe- 
HHA 3KOJIOMMYCCKOIO 3aKOHOATCIIbCTBA 3a(HK- 
cupoBaHo B 2013 rony, B 2015 rony (B nNepuog, 
Kora MpHpOAOMONb30BaTeIH UCHOJIHAIM paHee 
BbIJa@HHble WpeqiwucaHua) HaOmrOqaeTcA 3HadH- 
TeJIBHBIM chan. B 2017 r. HaOmrOnalca HeOOIIb- 
INOW PpOcT, OJHAaKO B UMCJICHHOM 3Ha4eHH KOJIU- 
YeCTBO HapylleHHM OKa3aI0cb MO4TH B 3 pa3a 
MeHbIUe 10 CpaBHeHHIO C TepBbIM FOJIOM HaOiIio- 


nenus [9]. 
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force [4]. 

Natural resource legislation is more devel- 
oped, has a greater share. It includes the follow- 
ing Federal laws: 

e of May 4, 1999 No. 96-FZ "On protection 
of atmospheric air". It is supplemented with 5 
parts and 2 articles; 5 paragraphs are excluded 
[BS]; 

e of June 3, 2006 No. 74-FZ "Water code of 
the Russian Federation". It is supplemented with 
25 parts and 3 articles; 7 parts are excluded [6]; 

e of December 04, 2006 No. 200-FZ "Forest 
code of the Russian Federation". It is supple- 
mented with 51 parts and points, 34 articles; 14 
points and 8 articles are excluded [7]; 

e of February 21, 1992 No. 2395-1 "On sub- 
soil". It is supplemented with 27 parts and 5 arti- 
cles; 2 parts are excluded [8]; 

The analysis leads to the conclusion that the 


current legislation is in the process of formation, 
seeking to meet both the needs of the society and 
the requirements of regulatory authorities. For 
five years the Supervisory authorities have con- 
ducted numerous inspections, identified viola- 
tions in the field of environmental management, 
carried out activities aimed at eliminating such 
violations, the activities of enterprises and organ- 
izations has been put in accordance with the law. 
In order to summarize the results of this work, 
environmental violations have been monitored in 
the Rostov region for the period from 2013 to 
2017. 


According to the website of the Prosecutor's 
office we have built a graph (Fig. 1), reflecting 
the number of environmental offences during the 
reporting period. The largest number of cases of 
non-compliance with environmental legislation 
was recorded in 2013, in 2015 (during the period 
when nature users have executed previously 1s- 
sued instructions) there was a significant decline. 
In 2017, there was a slight increase, but the num- 
ber of violations was almost 3 times less in com- 
parison with the first year of observation [9]. 
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Puc. 1. Kommuectso 9KOOrHYeCKHX NpaBOHapyleHUH 3a MOCIIETHUe MATh JET 


Fig. 1. The number of environmental offences in the last five years 


Ilo MaTepnasiaM MpokypopcKHx Je Oba co- 
cTaBjleHa TaOsMia 1, OTpaxarolljad WpaBoHapy- 
IWeHUA WU UX MpWHayIexXHOCTb K palioHaM HU Lo- 
pogam PoctoscKow oOmactu. B TadOsmnuie npen- 
CTaBJICHbI TeppHTOpHU Cc HanOOMbIIMM U4HCIIOM 
HapyiueHuu. |opoa Poctos-Ha-JloHy 3aHMMaeT 
llepBoe MeCTO cpeqH BCex  TeppvTopHH- 
lIpaBoHapylluuMTesyen, 4TO CBA3AHO C HanOOJIbIIMM 
KOJIMYeECTBOM OpraHv3alww UW NpewIpuaATuH. 
Hampumep, B 2016 romy B qeaTenbHOcTH 90 xo- 
B3AHCTBYFOINMX CYOBECKTOB BbIABJICHbI MHOrOUNC- 
NeHHbIe HapylieHHua WeepasbHOrO 3aKOHa 
Ne 89-®3 «OO oTxozax Npou3BOCTBa UH NOTpeob- 
NeHUs>, a TaKXKe HeEBHeECeHHe B YCTAHOBJICHHbIe 
CpOKM IWlaTbI 3a HeraTHBHOe BO3eHMCTBHe Ha 
OKpyKarlolllylo cpeyly, oOmlat CyMMa KOTOpOH 
pepbiuaet 970 TEIca4 pyOnen. IlocneqHee Me- 
CTO B TaOsIMIle 3aHuMaeT MusiiepoBcKui paiion, 
rye B 2013 rony 4 opranu3aunu yomyctTusM 42 
HapylleHuaA 3aKOHOAaTeIbCTBa OO OxpaHe aTMO- 
ccbepHoro BO3yxa, OO OTXOTaX NPOM3BOJICTBAa U 
ToTpeOsIeHuaA, O CaHuTapHo- 


IUUACMUOJIOTHACCKOM Oaronosy4uu HaceJie- 


HHA. 


According to the materials of the Prosecutor's 
cases, we have composed Table 1, which reflects 
the offenses and their affiliation to districts and 
cities of the Rostov region. The table shows the 
areas with the highest number of violations. Ros- 
tov-on-Don takes the first place among all the ter- 
ritories-offenders, which is associated with the 
largest number of organizations and enterprises. 
For example, in 2016, the activities of 90 eco- 
nomic entities revealed numerous violations of 
Federal law No. 89-FZ "On production and con- 
sumption waste", as well as the failure to pay 
within the prescribed time limits for the negative 
impact on the environment, the total amount of 
which exceeds 970 thousand rubles. The last 
place in the table is taken by Millerovsky district 
where in 2013 four organizations had 42 viola- 
tions of the legislation on protection of atmos- 
pheric air, on production and consumption waste, 
on sanitary and epidemiologic wellbeing of the 


population. 
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Table 1 


[IpunaaiexHOCTb 3KOJIOrM4eCKUX paBoHapylleHu 
K paiioHaM U4 ropoyam PocToscKoi oOmacTu 


Affiliation of environmental offences to the districts and cities of the Rostov region 
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Total 





Poctos-Ha-JloHy 
Paucoansen 94 18 148 16 356 
LUaxTsi 
77 10 10 10 116 
Shakhty 7 | | wo | 9 | 0 
5 2 
araeBCKHH 5 94 
Bagayevsky 
K 
CHC TORCH 75 75 
Konstantinovsk 
Pence ye 45 10 \ 7 63 
Belaya Kalitva 
T 
tae ff ef |] 8 | 
Taganrog 
Marseeso-K ypraHckuil 5 54 , 57 
Matveevo-Kurgan 
na RORCNyE ' 54 ' 56 
Myasnikovsky 
KameHcKui 
49 ] p) ae! 
penvieponay 40 5 5 AG 
Millerovsky 
250 
7S w 200 
= S 
= 8 
> = 150 
StS 
mi’ 100 
mS 
Ao Ss 
5 8 
2 = 50 
Ey fin ant hs. 
“6 2013 2014 2015 2016 2017 
mATmocbepHpit Bosayx @BopHpieobvexts: @ OrTxonp: @ Heazpa 
Atmospheric air Water bodies Waste Mineral resources 


KaneHyapHbil ror 
Calendar year 


Puc. 2. JuHamuka HapyllieHHi B pa3HbIx cdepax 


Fig. 2. Dynamics of offences in different spheres 








C weslbroO COMOCTaBJICHHA HeraTHBHOrO BJIMA- 
HMA 9KOJOrM4eCKHX WpaBOoHapylieHHH Ha KOM- 
MOHEHTHI OnNOCHephI, NOCTpoeH Tpaduk TWHHaMu- 
KH HapylWIeHHH, OTpaxkarollMH CUTyalluto 3a M0- 
cneaHuHe 5 set. 
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In order to compare the negative impact of 


environmental violations on the components of 
the biosphere, a graph of violations dynamics, 
reflecting the situation over the past 5 years has 
been constructed. 
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Puc. 2. JuHamuka HapyllieHHl B pa3HbIx cdepax 


Fig. 2. Dynamics of offences in different spheres 


Puc. 2 CBUJIeETeIBCTByeT 0 TOM, 4YTO MpoOsIeMa 
OOpallleHua C OTXOTaMU OCTaeTCA aKTYAaJIbHOM Ha 
IIPOTS2KCHHUM BCerO PaccCMaTpHBaeMOrO Mepnosa. 
TakoxKe OTMeYeHO, 4TO 4MCIO HapylleHuu B ITOK 
oOmactTu kK 2015 cHu3u0Cb, OTHaKO B 9TOM Foy 
YBeJIMYHJIOCb §=4HMCIO dakTOB HecoOuHOeHHA 
3aKOHOATeIBCTBa OO OxpaHe BOJHbIX OOBECKTOB. 
Kpome Toro, MOCTOAHHO HaOsHOaroTcaA ciry4au 
HecOOJIONCHUA 3AKOHOATeIbCTBA COXpaHHOCTH 
OcOOO0 OxpaHAeMbIX TPHpOHIX TeppuTopHH, 
OXpaHbl BOJHBIX OMONOrM4YeCKHX pecypcos, 
OOBCKTOB X%KHBOTHOrO MUpa, JICCHbIX PeCYPCOB. 
Hecmotpa Ha TO, 4TO YHCICHHOCTbh TaKUXx 
HapylleHuH HeBesIMKa, IpHpOHbIM pecypcam 
HaHOCHTCA MaTepHasIbHbIM yillepO B KpyIHOM 
pa3mMepe. 

YcTaHOBJIeHbI (aKTbI YMbIMWICHHOTO Hapylle- 
HUA IKOJOPMYECKOLO 3AKOHOATEJIBCTBA C ILCJIbIO 
nouyueHua mwpuoOpin. Tax, B 2013 roxy OAH U3 
VHIMBUYyasIbHBIX TWpeywupuHuMatesen Poctos- 


CKOH OOjlacTH He3aKOHHO OpraHv30BaJl MpvemM 


Fig. 2 shows that the problem of waste man- 
agement remains relevant throughout the period 
under review. It has also been noted that the 
number of violations in this area had decreased by 
2015, but this year the number of cases of non- 
compliance with the legislation on the protection 
of water bodies increased. In addition, cases of 
non-compliance with the legislation on the pro- 
tection of specially protected natural areas, pro- 
tection of aquatic biological resources, wildlife 
and forest resources were constantly found. De- 
spite the fact that the number of such violations is 
small, material damage to natural resources is 
large. 

The facts of deliberate violation of the envi- 
ronmental legislation for the purpose of profit are 


established. So, in 2013 one of the individual en- 


trepreneurs of the Rostov region illegally orga- 
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CTPOHTeJIbHOrO Mycopa UH OBITOBBIX OTXOZOB. B 
pe3yIbTaTe Ha 3CMCJIbBHOM y4uacTKe OOpa30BasIacb 
HeCaHKI[MOHMpOBaHHad CBaIKa, WIA JMKBU anu 
KOTOpOH HOTpeOyetca 22 MuWIMOHA pyOsen. 

HeoOxoquMO TIpHHATb BO BHUMaHHe TO 0O- 
CTOATCIIBCTBO, UTO MOACUeT BPea, IPH4YMHeHHO- 
ro OKpyxKarolleH cpeyle, OCYIeCTBIIAeTCA Ha OC- 
HOBaHHH HeECOBepIICHHbIX MeTOAUK, a, ClIeqOBa- 
TeJIbHO, OH MO2%KET He B HOJHOM Mepe YYHTHIBaTb 
peauIbHbIM pa3Mep yulepOa. HanpumMep, nomMuMo 
(DHHaHCOBBIX 3aTpaT Ha (u3H4eCKYy!O JIMKBULa- 
IMO CBaJIKH, HeEOOXOAHUMO TpOu3BeCTH paOoTEI 
110 PeKyJIbTHBaIIMU CaMOrO 3CMEJIbBHOTO y4acTkKa, 
3arps3HeHHOrTO OTXOaMH. IIpu 9TOM MpakTH4e- 
CKH H€BO3MO2%KHO paccuHTaTb WU YCTpaHUTb KOC- 
BeHHbIc TOCICICTBUA Bpewa, Mpw4nHeHHoro 
OkpyxKarolleH cpeyle, a AMCHHO YBeJIMYeHHA KOH- 
ICHTpalluH 3arpxA3HAIOWIUX BeLIeCTB, KOTOpbIe 
WonmayqakoT He TOJIbKO B TOBEPXHOCTHbIe CIO 
IOUBI, HO MH B BOJOHOCHbIe TOPH30HTHI, a 3HayHT, 
3alpA3HAFKOT HM BOY, HCHOIb3YeMYO JIA CHaOx*Ke- 
HHA %KUTeMeCH HACeJICHHbIX IYHKTOB. Cyley]CTBHeM 
JAHHBIX JICMCTBUM ABJIACTCA He TOJIbKO 3arpaA3He- 
Hie BOAHOrO OOBeKTAa, HO HW HeraTHBHOe BO3eH- 
CTBHe Ha 3J}0pOBbe 4esIOBeKAa. 

B utore evicTBuaA OFHOrO JuMua (PUu3n4eCcKOrO 
WIM OpuAMYecKOrO), HapylWIMBIUIero Mpupoyo- 
OXpaHHOe 3AKOHOATCJIbCTBO, IIPHBOJMT K OYCHb 
Ce€pbe3HbIM MaTepHasIbHbIM HM (MHAHCOBBIM IO- 
TepxAM, Kak JIA TOCyWapcTBa, TaK MU JIA Hacedie- 
HHA. 3arpa3HeHHe OKpPy2xKarollle CpesIbI OKa3bIBa- 
eT BO3eCHCTBHe He TOJIbKO Ha CaMOUYBCTBHE Ye- 
noBeka B TeKYIUMM WepvHoy,| BPeMeHH, HO MO%KeT 
HeraTHBHO TMOBIMATh Ha reHOMOoHA OyAyuMXx 0- 
KOJICHUH. 

CutTyalu1o ycyryOlseT HeHaliexailee Uuc- 
TOJHeHHe CBOMX OOKA3aHHOCTeHM MHCIeKTOpaMu 
110 BbIABJICHHIO 9KOJIOTHYCCKHX HapylieHui, KO- 
TOpble 3a4aCTY!O IIpeBbIIMAIOT CBOM NOJHOMOUHA, 
mM00 BCTYMakOT B KOPPYIWMOHHBIe CJCJIKU. 
HatipumMep, ec OJDKHOCTHbIMH JIMIJaMH Me%x- 
paHOHHbIxX OTJEIOB MHCIHeCKUMU JOMyUIeHO Heco- 
OHOJJeHHe NWpaBMl pH COCTaBJICHHU ella 00 all- 
MMHUCTpaTHBHOM IipaBOHapylleHHH, TO 39TO MO- 
%KCT MOBJICUb OTMeCHY WIM W3MeCHeHHe MPHHATHIX 


CyCOHBIX pelleHui. 





nized reception of construction garbage and 
household waste. As a result, an unauthorized 
dump was formed on the land plot, the liquidation 
of which will require 22 million rubles. 

It is necessary to take into account the fact that 
the calculation of damage caused to the environ- 
ment is carried out on the basis of imperfect tech- 
niques, and therefore it may not fully take into 
account the actual size of the damage. For exam- 
ple, in addition to the financial costs of physical 
liquidation of the landfill, it is necessary to carry 
out work on remediation of the land itself, pollut- 
ed with waste. At the same time, it is almost 1m- 
possible to calculate and eliminate indirect conse- 
quences of damage to the environment, namely, 
increasing concentration of pollutants that get not 
only into the surface layers of soil, but also in aq- 
uifers, and thus pollute the water, that 1s used to 
supply residents of settlements. The consequence 
of these actions is not only pollution of the water 
body, but also negative impact on human health. 

As a result, the actions of one person (private 
individual or legal body), who violated environ- 
mental legislation, leads to very serious material 
and financial losses, both for the state and for the 
population. Environmental pollution has an im- 
pact not only on health now, but can have a nega- 
tive impact on the gene pool of future genera- 
tions. 

The situation is exacerbated by inspectors, 
who should identify environmental violations; 
they execute their duties improperly and often 
exceed their authority, or do corrupt activities. 
For example, if the officials of interdistrict in- 
spection departments committed non-compliance 
with the rules in the preparation of the case of an 
administrative offense, it may lead to cancellation 


or change of judicial decisions. 





3a HapylieHwve 9KOJIOrMYeCKOTO 3aKOHOIa- 


TeJIbCTBA YCTaHaBJIMBaeTCA MCIMMIMHapHas, 
ayIMMHUCTpaTHBHad UW YyrOJIOBHad OTBeTCTBeH- 
HOCTb, IIpH4eM Haka3aHHA MOTyT ObITb pa3JIM4- 
HbIMH: ipesyupexyeHue, WitTpad, u3baTue Opy- 
IMU UW CpejCTB COBepIIeHHA paBOHapyllieHuH, 
WMiweHve TpaxkaHvHa ciielMasIbHOrO WpaBa Ha 
3aHATHE OpeesICHHOM JCATeCJIbBHOCTBEO Hi JIMIIe- 
Hue cBodoyb. Ha puc. 3 mpouswrocTpupoBaHa 
MHaMUKa MpvBIeveHHA K THMCIMMIMHAapHON, a- 
MMHUCTpaTHBHOH HW YyrOJIOBHOH OTBeETCTBeCHHO- 


CTH. 


KosmuectTBo JleJI C IpHBIedeHHeM K 
OTBeETCTBEHHOCTH 
The number of cases with bringing to 
responsibility 


2013 2014 
——— DUCUMMAMHSPHaA 


disciplinary 


Violation of environmental legislation is sub- 


ject to disciplinary, administrative and criminal 
responsibility, and penalties may be different: 
warning, fine, seizure of instruments and means 
of committing offences, deprivation of a citizen's 
special right to engage in certain activities and 
imprisonment. Fig. 3 shows the dynamics of 
bringing to disciplinary, administrative and crim- 


inal responsibility. 
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Puc. 3. JIuHamMuka IIPMBJICUCHWA K AMCHMNIMHAPHOH, aIMHHUCTpaTHBHOH UW YPOJIOBHOH OTBCTCTBCHHOCTH 3a 


39KONOrMYeCKHe NpaBOHapylleHHA Ha TeppuTopun PocToBcKoH OOsacTH 3a 2013—2017 rr. 


Fig. 3. Dynamics of bringing to disciplinary, administrative and criminal responsibility for environmental offences 
in the territory of the Rostov region for the period 2013-2017 


B HawMeHBbIeN CTeMeHH BUHOBHBIe JIMIa Ipu- 
BIeKarOTCA K JIMCIIMMIMHAapHOK OTBeETCTBCHHO- 
CTH, B HanOobulet — K aMMHUCTpaTuBHON. 
Takxe, cormacHo rpaduky, B 2013 rony Bo30yx- 
WeHO OobIUIe BCero We OO aMUHUCTpaTuBHBIXx 
lIpaBoHapylleHHAx. YrOJIOBHaA OTBETCTBCHHOCTE 
HacTyllaeT pexe UW, Kak [paBHJloO, 3a IpH4nHeHue 
Bpela BOXHbIM OMOMOrM4eCKHUM pecypcaM, 2%KH- 
BOTHOMY MUpy UJI JIECHOMy (OHI. 

K cokasleHvto, B JICATCJIBHOCTH HCKOTOPBIX 
XO3AHCTBYFOINMX CYObeCKTOB B TeYeHHe MpoOsI- 


JKUTCJIBHOTO BDCMCHH BbIABJIAFOTCA OHM HW TC 2Ke 





Fu 0 


The least guilty persons are brought to disci- 
plinary responsibility, the most — to administra- 
tive responsibility. In addition, according to the 
schedule, the most cases of administrative offens- 
es were initiated in 2013. Criminal responsibility 
is less common and usually caused by damage to 
aquatic biological resources, animal world or for- 
est fund. 


Unfortunately, for a long time the same viola- 








HapylleHuA, YCTpaHeHHe KOTOPbIX He OCYIIIeCTB- 
HIA€TCA, UYTO HAHOCHT cCepbe3HbI yujepO OKpy- 
*Karollen MpWpoAHOKW cpeyle. XO3AHCTBYFOIIMe 
CyObeKTbI, KaK HM MHOrMe rpaxkyaHe, He BUAT 
CMbICua B COOMIOJCHHM TpeOoBaHuH Tpuposo- 
OXpaHHOrO 3aKOHOaTeJIBCTBA, IIpecwesyA CHEO- 
MHMHYTHY!O BbIrOJy HW He MOHMMasd MaciiTada Tex 
MOcueCTBUM, K KOTOPbIM MOryT IIpHBecTH Ux 
JICMCTBUA. 

Ha OcHOBe IIpOaHalIM3HpOBaHHbIX aBTOpaMH 
JaHHBIX MOCTpoOeH rpaduk COOTHOIMeHHA TpH4u- 
HeEHHOTO yilepOa OKpy2KaroOllen IpupoHOU cpe- 
We M HaslOXKeHHBIX LWITpados (puc. 4). 

Kak lpaBusio, WITpadbl Ha3HadaroTcs 3a Wpa- 
BOHAPyIIeCHHA ATMMHUCTpaTHBHOrO IIpOu3BO- 
cTBa. Takad Mepa OTBeETCTBCHHOCTH HMEET Cile- 
Tyroulwe 3HaveHuA: 

- KOMITCHCaIIHOHHOE 3HAYeHHe: CpeJICTBa 
HallpaBJIAIOTCA Ha KOMMeHCAIIMIO Bpea OKpyKa- 
FOWLeEH MIpUpOAHOU Cpebl, 310POBbIO 4eOBeKA, 
MaTepHaJIbHbIM I[CHHOCTAM; 


- CTHMysIMpyrolliee 3HavYeHHe: COKpallleHue 
BbIOPOCOB UH COPOCOB BpeJIHbIX BeIIeCCTB. 


- 9KOUOTMYeCKOe 3HAYeHHe: MOMOJIHCHHe 9KO- 
JIOPHYCCKHX POHOB. 


Takada Mepa BO3JeHMCTBHA Ha MpaBOHapyllinTe- 
NeW MO3BOAeT MpHBIeUb BHHOBHBIX K OTBECT- 
CTBCHHOCTH MU IIpeOTBpaTHTb MOBTOPHOe CoBep- 
IeHHe HapylleHuH, a TakK2xKe K YCTpaHeHHto pa- 
Hee lIpW4nHeHHoro Bpeya. [paduk eMoHcTpu- 
pyeT, 4uro B 2013 royy olleHHBaeMbIM MaTeplH- 
aJIbHbIM ylllepO COCTaBJIAJI OrPOMHYIO CYMMY, 
onHako K 2017 ero yaasocb coKpaTuTp. Uucsien- 
Hoe 3HaveHHe IITpamoB 3a 9KOJOrMYeCKHe Mpa- 
BOHapylleHHA OCTaeTCA CTaOWJIBHBIM Ha IIpOoTs- 
2KCHHU BCeETO paccCMaTpHBaeMOrO MepHosa. 
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tions have been identified in the activities of some 


economic entities, the elimination of which is not 
carried out, which causes serious damage to the 
environment. Economic entities, like many citi- 
zens, do not see the point in complying with the 
requirements of environmental legislation, pursue 
immediate benefits and do not understand the 
scale of the consequences to which their actions 
can lead. 

On the basis of the data analyzed by the au- 
thors, a graph of the ratio of environmental dam- 
age and imposed fines is constructed (Fig. 4). 

As a rule, fines are imposed for administrative 
violations. Such a measure of responsibility has 
the following meanings: 

- compensatory value: funds are sent to com- 
pensate for the damage to the environment, hu- 
man health, material values; 

- incentive value: reduction of emissions and 
discharges of harmful substances. 

- environmental value: replenishment of envi- 
ronmental funds. 

Such a measure of influence on the offenders 
makes it possible to bring the perpetrators to jus- 
tice and prevent repeated violations, as well as to 
eliminate the previously caused harm. The graph 
Shows that in 2013, the estimated material dam- 
age was huge, but by 2017 it had reduced. The 
numerical value of fines for environmental of- 
fences remained stable throughout the period un- 


der review. 
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Puc. 4. J[mHamuka U3MeHeCHHA CYMMBI HaHeCeHHOrO yiilepOa OKpyxKarollle Cpeyle MU pa3sMepa HasIOxKeCHHBIX LITpa- 


(DOB 3a SKOJIO“MYeCKHe MpaBOHapyleHHA B MJIH. pyO. 3a 2013-2017 rr. 


Fig. 4. Dynamics of changes in the amount of damage to the environment and fine amount for environmental 
offences in million rub over 2013-2017 


3ako4eHHe. ABTOPaMH TpoaHasIM3MpOBaHbl 
W3MCHCHHA SKOJOIMYeCKOrO 3aKOHOATeJIBCTBA, 
CTeMeHb BOCIIPHATHA ero OOMIECTBOM HU COOIIIO- 
yjeHue Ha TeppuTopuu PoctoscKon oOmactu. C 
IeIbIO COxpaHeHua Onocdepbl pu pacTylwiMx 
WOTpeOHOcTax oOmecTBA HU TpeynupexyeHua 
QSKOJIOrM4eCKUX TpaBOHapylIeHHH HeOOXOHMO 
IIPOBeCCTH KOMIMICKCHY!O padoTy, HallpaBJICHHY!O 
Ha JIMKBUalMIO IKOJOrMYeCKOM Oe3rpamMoTHO- 
CTH, MOCKOJIbKy «He3HaHHe 3aKOHA He OCBOOOXx- 
yaeT OT OTBeETCTBeCHHOCTM>. B aHHOM ciryyae 
peub WeT 0 COXpaHeHHH YHUKAaJIbHBIX Mpupor- 
HbIX KOMIIIeKCOB Poccuu Kak TrylaBHOroO HallHo- 
HaJIbHOrO OoraTcTBa JIA OyAyulero NOKOJeHUA 
Hallie CTpaHbl, a TakxKe 3alora ero 3JJ0PpOBbA U 
Oaronosy4uns. 
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Conclusion. The authors have analyzed 


changes in environmental legislation, the degree 
of perception of it by society and its compliance 
in the Rostov region. In order to preserve the bio- 
sphere with the growing needs of society and to 
prevent environmental violations, it is necessary 
to carry out comprehensive work aimed at elimi- 
nating environmental illiteracy, since "ignorance 
of the law does not exempt from punishment". In 
this case, we are talking about the preservation of 
Russia's unique natural complexes as the main 
national wealth for the future generation of our 
country, as well as the guarantee of its health and 


well-being. 
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3ArPA3HEHHA ATMOC®EPHOTO 
BO3.YXA TOPOAJOB POCTOBCKON 
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BpinouHeHa OlleHKa 3arpsA3HeCHHA ATMOCWepHoro 
BO3yxa roposoB PocTroBcKoi oOmacTu. OHM 
M3 OCHOBHBIX HCTOUHHKOB 3arpaA3HeHHH B Topo- 
aX ABJIACTCA ABTOMOOMJIBHBIN TpaHcnopT. Bpi- 
ABIICHO, UTO HanOoee 3arpsx3HeH aTMOC(epHbIi 
BO3HyxX B Yr. HoBpoyepKaccke, HawMeHee — B 
I[umiisHcke. Puck HecnenMduyeckux XpoHH4e- 
ckux 9@eKTOB cocTaBu OT 0,22 qo 0,015 B 3a- 
BUCUMOCTH OT roposa. 


KuroueBbie COBa: 3arpa3HeHve aTMOcdepbsl, 
PUCK JIJIA 3JOPOBbA. 


Beedenue. IKONOrMYeECKH OPHeHTMpOBaHHoe 
pa3sBuTHe IUMBHIIM3aI[MH NOUyInIO Ha3sBaHHe 
yCTOHYMBOrO pa3BuTHA. B KayecTBe PIlaBHbIxX ero 
moKa3aTesieh PacCMaTPHBAIOTCA 3JJ0POBbe UelI0- 
BeKa WM KayecTBO cpeybI. OxpaHa OKpyxKarollen 
CpeyIbI B WMHTepecax 3all[MTbI 30POBbA Hacelle- 
HHA, B YAaCTHOCTH, YMeHbINeHHe pucKa HeOsIaro- 
IIPHATHBIX MOCIeACTBUU BO3eCUCTBHA Ha 4esIOBe- 
Ka 3arpa3HCHWA pa3JIMYHbIX MpHpOAHbIX cpell, 
ABJIACTCA 3aqa4eH TocyapcTBeHHOU Mpupoo- 
OXpaHHOM MOUJMTHKH. KOHIenmmuaA pucKa 03BO- 
ACT MOUYAIATbh KOJIMUECTBCHHY!O OLCHKy MOTeH- 
IMaIbHOM OMaCHOCTH JIA 300POBbaA HacesIeHHA, 
MMIIJIMIMpOBaHHyl0O C YPOBHAMM BO3J}eHCTBHA 
HeOaronpuATHbIX (PAKTOPOB CpeJIbl B PeasIbHbIxX 
YCJIOBMAX HaCeJICHHBIX MecrT | 1 J. 

OKouormueckad cuTyauua B PoctoBcKoi 06- 
WacTH XapakKTepH3yeTCA BbICOKHM YPOBHeM aH- 
TpONOreHHOrO BO3JeCHCTBHA Ha OKpyXKatolllyto 
cpely HU 3Ha4WTeIbHbIMH 9KOJIOTMYeCCKHMN II0- 
CIICICTBHAMU TpOWIOH BSKOHOMMYeCKON § Jles- 
TelIbHOCTH. B Poctosckonw oOmacTu Oosee 1,5 
MWJIJIMOHOB X%KUTeeCM MpOxXMBAaIOT B ToOposax Cc 
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The paper considers the assessment of air pollu- 
tion in the cities of the Rostov region. The main 
source of pollution in cities is motor transport. It 
has been revealed that the most polluted air is in 
the city of Novocherkassk, the least — in Tsim- 
lyansk. The risk of non-specific chronic effects 


ranged from 0.22 to 0.015 depending on the city. 


Keywords: air pollution, health risk. 


Introduction. Environmentally oriented devel- 
opment of civilization was called sustainable de- 
velopment. Human health and the quality of the 
environment are considered to be its main indica- 
tors. Protection of the environment for protecting 
public health, in particular, reducing the risk on 
human beings of adverse effects of pollution of 
various natural environments, is a task of public 
environmental policy. The risk concept makes it 
possible to obtain a quantitative assessment of the 
potential health hazard of the population, impli- 
cated with the levels of exposure to adverse envi- 
ronmental factors in the real conditions of human 
settlements [1]. 

A high level of anthropogenic impact on the 
environment and significant environmental con- 
sequences of past economic activities characterize 
the ecological situation in the Rostov region. In 
the Rostov region, more than 1.5 million people 


live in cities with high and very high levels of air 
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BbICOKHM HM O4CHb BbICOKMM YPOBHeM 3arpx3He- 
HHA ATMOCWepHOro BO3yxa [2]. 

Tlenvio =ucciedoeaHuA ABNIAeCTCA 9KONIOTO- 
THrMeHHyecKad OLeHKa 3arpa3HeHHA aTMOC(ep- 
HOrO BO3Lyxa FOpoAOB PocTOBCcKoHW OOuAacTH. 

Mamepuaaoi u memoooi. Jia xapakTepucTuKH 
3arpA3HeCHHA OBI MWpoaHasIM3HpOBaHbl JaHHBbIe 
110 BbIOpocaM OT CTal[MOHapHbIX HCTOUHHKOB U 
aBTOTpaHclopTa, a TaK%Ke CpeJIHeETOJOBbIe KOH- 
I[CHTpalluu 3arpxA3HAIOIIMX BeIeCTB 3a MepHor 
2012-2016 rr. [2-6]. 

B kKauyecTBe MoKa3aTeslev, xapakKTepu3yrOUHx 
3arpa3HeHHe aTMOCdepHOrO BO3AyXxa, OBI UC- 
TIOJIb30BaHbI KpaTHOCTb Npespmmlenua ITIK, kKom- 
IWICKCHbIN MOKa3aTelib 3arpA3HCHHA BO3TyXa P u 
puck Hecreltuduyeckux XpOHHYeCKHX 3MeKTOB 
[7]. 

Pe3yjibmambl. CeTb MOHUTOpHHTa Pocruypo- 
MeTa B PocTOBCKOM OOsIacTU COCTONT 43 14 cTaH- 
uuu B 6 ropozax (PoctoB-Ha-Jlony, A30B, Bos- 
royoucK, Taranpor, Waxtsr vu Lumisancr). B Ho- 
BOYepKaccKe TIPOBOJATCA HaOWIOWeHHA B He- 
CKOJIBKHX TOUKAX, IpeCTaBJIGHHbIX KaK OHA 
craniua [8]. [lo kiuMaTu4eckuM XapakTepucTu- 
KaM A30B W PoctTosB-Ha-JIOHy OTHOCATCA K 30HE 
MOBbILMeCHHOrO MOTeHIMala 3arpa3HeHHA aTMO- 


ccbepbi, Taranpor — yMepeHHoro MOTeHIMasa, 
IllaxTbl — BbICOKOrO MOTeHIMalla 3arpaA3HeHuA 
aTMoc(ephl. 


CpeHerogOBOe KOJIMYECTBO TMOCTYMaroOllMx B 

aTMocdepy BpeJHBIX BbIOpOCOB 3a aHasIM3upye- 
MbIM Wepwod coctaBuso 588,/7 TbIC. TOHH, pu 
9TOM CpeHeEroOAOBble BbIOPOChI OKCH a yruiepoya 
coctaBuyiM 335,4 Tbic. TOHH, OKCHJOB a30Ta — 
76,0 TbIC. TOHH, QuMoKcuya cepbl — 56,4 
TbIC. TOHH. 
OcHOBHbIM HCTOUHHKOM 3arpsa3HeHWA ABILAeCTCA 
aBTOTpaHCHOpT, BKIa_ KOTOPOTO COCTAaBJIAeT 
68,4 % BaJIOBbIX BbIOPOCOB 3arpsA3HAFOIWIUX Be- 
IecTB B aTMocdepy PocToBckoH OOacTH, B TOM 
qucue 59,3% BbIOpOCOB OKCHAOB a30Ta HU 93,1% 
BbIOPOCOB OKCHAa yrieposa. 

CpeqHue 3a paccMaTpHBaeMbIM BPNeMeHHO 
TlepHO], KOHIJCHTpalluH B3BeLICHHbIX BeIIICCTB 
IIpeBbIcwIH cpeyqHecyTrouHyro IITJ[K B Hosouep- 


Kaccke B 2,5 pa3a, B Llaxtax B 1,55 pasa, B Po- 
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pollution [2]. 

The aim of the study 1s ecological and hygien- 
ic assessment of air pollution in the cities of the 
Rostov region. 

Materials and methods. The data on emissions 
from stationary sources and motor vehicles, as 
well as average annual concentrations of pollu- 
tants for the period from 2012 to 2016 [2-6] have 
been analyzed to characterize the pollution. 

Concentrations exceeding the MPC, a com- 
prehensive indicator of air pollution P and the risk 
of chronic non-specific effects have been used as 


indicators of air pollution [7]. 


Results. The Roshydromet monitoring net- 
work in the Rostov region consists of 14 stations 
in six cities (Rostov-on-Don, Azov, Volgodonsk, 
Taganrog, Shakhty and Tsimlyansk). In Novo- 
cherkassk, observations are made at several 
points represented as one station [8]. According 
to climatic characteristics Azov and Rostov-on- 
Don belong to the zone of the increased air pollu- 
tion potential, Taganrog — moderate potential, 
Shakhty — high air pollution potential. 

The average annual amount of harmful emis- 
sions into the atmosphere during the analyzed pe- 
riod amounted to 588.7 thousand tons, while the 
average annual carbon monoxide emissions 
amounted - to 335.4 thousand tons, nitrogen ox- 
ides — 76.0 thousand tons, sulfur dioxide — 56.4 
thousand tons. 

The main source of pollution is motor 
transport, which contribution makes 68.4% of 
gross emissions of pollutants into the atmosphere 
of the Rostov region, including 59.3% of emis- 
sions of nitrogen oxides and 93.1% of emissions 
of carbon monoxide. 

The average concentrations of suspended sol- 
ids for the considered time period exceeded the 
average daily MPC in Novocherkassk by 2.5 
times, in Shakhty by 1.55 times, in Rostov-on- 
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croBe-Ha-Jlony B 1,32 pa3a, B A30Be B 1,18 pasa, 
B Taraupore B 1,12 pa3a; quokcuya a30Ta — B 
Taraupore B 1,69 pasa, B A30Be B 1,32 pa3a, B 
Hopouepkaccke B 1,12 pa3a, B Laxtax B 1,07 
pasa, B Poctrospe-Ha-Jlony B 1,04 pa3a; okcuya 
yruepoya — B Hospouepxaccke B 1,33 pa3a; dop- 
MaJIbyeruyza — B Hopoyepxaccke B 1,97 pa3a u B 
Bonrogoncke B 1,36 pa3a. 

J|1d CpaBHHTeIbHOUW OLWeCHKH ypOBHA 3arps3- 
HeHUA ATMOCHePHOrO BO3YXa KOMIMICKCHbIM T0- 
Kka3aTelb P u puck HecnelMmuyecKux XpoHHue- 
CKHX 9@MeKTOB paCcC4HTHIBaIMCh MO ATH 3a- 
TPpA3HUTCIIAM, KOTOPbIC OTCJICXKUBAFOTCA BO BCeX 
aHasIM3MpyeMBbIX Topoyax (B3BeIIeHHbIe Bellle- 
CTBa, JJMOKCHJ, Cepbl, OKCHA yrilepoya, WHOKcuy 
a30Ta, OKCH], a30Ta). Pe3yibTaTbI ONeCHKU Wpel- 
CTaBJICHbI B TaOsute | 


Don by 1.32 times, in Azov by 1.18 times, in Ta- 
ganrog by 1.12 times; nitrogen dioxide-in Tagan- 
rog by 1.69 times, in Azov by 1.32 times, in No- 
vocherkassk by 1.12 times, in Shakhty by 1.07 
times, in Rostov-on-Don by 1.04 times; carbon 
oxide - in Novocherkassk by 1.33 times; formal- 
dehyde - in Novocherkassk by 1.97 times and in 
Volgodonsk by 1.36 times. 

For the comparative assessment of the level of 
atmospheric air pollution, a complex indicator P 
and the risk of non-specific chronic effects have 
been calculated for five pollutants monitored in 
all analyzed cities (suspended substances, sulfur 
dioxide, carbon monoxide, nitrogen dioxide, and 
nitrogen oxide). The results of the evaluation are 
presented in Table 1 


Taonuua | 
Table 1 


3arpa3HeHHe ATMOCHEPpHOrO BO3AYyXa UH PUCK JIA 3OPOBbA HACeJICHHA FOPOOB 


PocTOBCKOH oOsJIacTHu 


Air pollution and health risks in the cities of the Rostov region 


Rostov-on-Don 
Azov 
Volgodonsk 
Taganrog 
Shakhty 


LMMsIAHCK 


Tsimlyansk 


as pDps-jyourna 






KoMIJICKCHBIM 1OKa3aTesb P 
Complex indicator P 





ee 
Hosouepkacck 3 13 0 
Novocherkassk 

: 


Puck HecnenMudmuyeckux xpoHHe- 
CKUX 9()eKTOB 
Risk of non-specific chronic effects 


0.015 


AS 
9) 
19 
14 
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Puc. 1. Jlexaput ropoyzoB Poctosckou oOsacTu 0 5 3arpa3HAFOLWIMM BelleCTBaM (B3BeIIICHHbIe BeIeCTBA, THOK- 


CU], Cepbl, OKCHA yriepoya, AHOKCUA a30Ta, OKCH] a30Ta), KOHUTHYeCKOe CBKJIMOBO paccTosaHue — 1,66: 1 — 


A30B, 2 — BonroyoucK, 3 — Hospouepkacck, 4 — Poctos-Ha-Jlony, 5 — Taranpor, 


6 — Iaxtsi, 7 — Llumiisuck 


Fig. 1. Dendrite of the cities of the Rostov region on 5 polluting substances (suspended substances, sulfur dioxide, 


carbon monoxide, nitrogen dioxide, nitrogen oxide), critical Euclidean distance - 1.66: I - Azov, 2 - Volgodonsk, 
3 - Novocherkassk, 4 - Rostov-on-Don, 5 - Taganrog, 6 - Shakhty, 7 - Tsimlyansk 


CormacHo puc. | HanOomee mpuOsMmKeHO K 
KPHTHYeECKOMY paccTOAHUMIO 3arpxA3HeHHe aTMO- 
cdepHoro Bo3aqyxa Hosoyepkaccka, 4TO Ooby- 
CJIOBJICHO COCpeAOTOUeHHeEM B roporye Oou‘MIOrO 
KOIM4eCTBAa = LIPOMBIMWICHHbBIX UpesIpuAaATHH 
9HeEpreTHKH, MallIMHOCTpOeHHA U Jp. OTpacsen 
IIPOMBILINJICHHOCTH. 

BpIBOJIbI. 

1. OCHOBHBIM 3arps3HHTeueM aTMOcdepHoro 
BO3yxXa TOPOAOB PocToBcKoH OOacTH ABILACTCH 
aBTOTpaHCHOpT, BKIIa] KOTOPOrO B BaJIOBBbIe BBI- 
OpOcbI 3arpaA3HAFOIMIMX BeIeCTB B AaTMOC(epy Cco- 
cTaBliaeT 68,4 %. 

2. KOHIeHTpalMn B3BeIIICHHbIX  BEIIeCTB, 
WMOKCH a a30Ta, OKCH a yruiepoyja HW MopMasibe- 
raja B aTMOCMepHOM BO3yxe ypOaHu3npoBaH- 
HbIX TeppHTOPHH MpeBbillaloT AOMyYCTHMBIN TH- 
rueHwyeckui ypoBeHb. HanOolee BbICOKHH 
CpeHHM ypOBeHb 3a paccCMaTpHBaeMbIN BPeMeH- 
HOW WepHod 3arpsx3HeHuA ATMOCHepHOrO BO3Ayxa 
B3BeCLICHHbIMH BeIIeCTBAaMH, (POpMaIbAeruOM U 
OKCHIOM yrlepoyja TOCTHTHYT B r. Hopoyepkac- 
CKe, JMOKCHOM a30Ta Br. TaraHpore. 


3. HanOonee 3arpa3HeH aTMOC(epHbIi BO3- 


myx r. Hopoyepkaccka, rye BbIOPOCbI aBTOTpaHc- 





Fu 0 


According to Fig. | air pollution in Novocher- 
kassk is the closest to the critical distance due to 
the concentration of a large number of industrial 
enterprises in power engineering, mechanical en- 


gineering and other industries. 


Conclusion. 

1. The main air pollutant of the cities of the 
Rostov region is motor transport, which contribu- 
tion to the gross emissions of pollutants into the 
atmosphere is 68.4 %. 

2. Concentrations of suspended substances, ni- 
trogen dioxide, carbon monoxide and formalde- 
hyde in the atmospheric air of urban areas exceed 
the permissible hygienic level. During the consid- 
ered period, the highest average level of air pollu- 
tion by suspended substances, formaldehyde and 
carbon monoxide was achieved in Novocher- 
kassk, by nitrogen dioxide - in Taganrog. 

3. The most polluted air is in Novocherkassk, 


where emissions of vehicles are combined with 
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TOpta COueTaKOTCA C MaCCHPpOBaHHbIMU BBIOpO- 
CaMH CKOHI[CHTPHpOBaHHBIX B TOpoye MpOMBIIII- 
NeHHBIX TpeaipuaTuv. HauMeHee 3arpa3HeH aT- 
MOCQepHbIH BO3T yx Bonroyoucka u LumsaHcka. 

4. B 3aBucumMoctu oT ropoya, MocTOsHHOe 
BO3JICHCTBHE BO3yxXa, 3alpA3HCHHOTO BPeHbIMU 
BeIIeCTBAaMH, MO%KEeT BbI3BAaTb y 220 — 15 yeno- 
BeK “43 1000 cumnToMbI xpoHHuecKOM MHTOKCH- 
Kaun. 

bno0smorpaduyeckui CNMCOK 

1. Onumenko, I. I. Ocnosst oneHku pucKa 


JIA 3Q0POBbaA HacesIeHHA Tp BO3eMCTBHU Xu- 
MHM4YeCCKHX BeIICCTB, 3afpaA3HAKOWIMX OKpy?Kato- 
mryro cpeny / I. 1. Onumexuko [u ap.]; mon pen. 
tO. A. Paxmanuua, I. . Onuurenko. — Mocxsa : 
HWY 94 u TOC, 2002. — 408 c. 

2. O cocTOsHHM OKpy2xKarolleu cpeybI u Tpu- 
poHbIX pecypcoB PocToBckoH oOsacTu B 2012 
roqy [QNeKTpOHHbIM pecypc] / Dkonormueckui 
BecTHHK J[oHa. IIpaButTembcTBo PoctoBcKon 06- 
nlacTu. KoMuTeT 0 OxpaHe OKpy2xKarollle cpeJ[bl 
MW IpHpOHbIX pecypcoB PocToBcKON OOacTu. — 
Poctos-Ha-Jlony, 2013 rr. — Pexum gocryma: 
http://www.doncomeco.ru/state-of-th e- 
environment/ekologicheskiy-vestnik/ (gata 006- 
pamjeHua 22.03.2018). 

3. O cocTOsHMM OKpyxKarolleu cpeyBI u mpu- 
POHBIX pecypcoB PocToBckoH oOnacTu B 2013 
rony [DueKTpoHHbIM pecypc| / Dkonormueckui 
BecTHUK JloHa. IIpaButenbcTBo PocToBcKon 06- 


nactu. MuHuctepcTBO MpHpoOsHbIX pecypcoB U 


9kou0rHMH PocToBcKoH oOsacTu. — PocToB-Ha- 
Jlony, 2014 rr. — Pexum — gocryma: 
http://www.doncomeco.ru/state-of- the- 


environment/ekologicheskiy-vestnik/ (gata o6- 
pamjenua 22.03.2018). 

4.0 COCTOAHHU CaHuTapHo- 
STMJEMHOJIOPMYeCKOLO OarOnOuyunA HacesIeHHA 
PoctoscKonw oOsmactu B 2014 r. [DueKTpOHHEI 


pecypc]| / Ynpapnenue DexepartbHOH CILyx*KObI 10 
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massive emissions of industrial enterprises con- 
centrated in the city. The least polluted atmos- 
pheric air is in Volgodonsk and Tsimlyansk. 

4. Depending on the city, the constant expo- 
sure to air contaminated with harmful substances 
can cause symptoms of chronic intoxication in 


220 — 15 persona out of 1000 people. 
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PaccMoTpeHO BIIMAHWe CTPOMTeIbCTBa OObIBA- 
FOIHX CKBaxKHH Ha Hed*Tera30KOHJICHCaTHOM Me- 
CTOPOXKJCHUH, PacilOJIOKECHHOM B IpaHullax 300- 
NOrMYeCKOrO 3aKa3HWKa PerMOHAJIbHOrO 3Ha4e- 
HUA, HA COCTOAHHe 2KUBOTHOLO Mpa UH cperly ero 
oOutaHua. Ha 6a3e cTpyKTypHpoBaHHOHM xapak- 
TepHCTHKU (ayHbl 3aKa3HKa, aHasIM3a MeCTOLIO- 
NOX%KCHHA MW TeXHOJIOrMH CTPOHTeJIbHbIX padoT 
BbINOJHCHbI pacuéTbI yiulepOa, MpH4yHHaAeMoro 
X%KMBOTHOMY MUpy, AaHbl peKOMeHalluu 0 Tpo- 
BeJICHHIO MeEPpONpHATHH MO MMHMMM3alIMu Hera- 
THBHOIO BO3J1CHCTBHA Ha 2KMBOTHBIM MUp 3aKa3- 
HUKa Ip CTPOUTeJIBCTBeE HOBBIX CKBa)KHH, Ipel- 
IOX#KeH MepeyeHb KOMMCHCAaIMOHHbIX MeponpusA- 
THM. 

Kunouesbie cCJIOBa: 3arps3HeHHe aTMOcdepbl, 
PUCK JIA 320POBbA. 


Bpejenne. OHO 43 CaMbIX AKTYAJIBHBIX IKOJIO- 
TMYeCKUX IIpoOseM COBPeCMeHHOCTH ABIIAeCTCA 
pe3KUM pOcT aHTpOMOreHHOK Halpy3KuH B pano- 
Hax HedTera3000bI4u, YTO IPHBOJUT K U3MeHe- 
HMO XapaKTepHCTHK MOUBBI, HapyleHutO TuApo- 
NOrHH TeppuTopHi, OOeHeCHHIO HW H3MeCHEHHEO 
BUJOBOTO COCTaBa, CTPyKTypbI HU MpOJyYKTUBHO- 
CTH (UTO- H 300TeHO30B [1, 2]. DToO HeraTHBHO 
OTpaxkaeTca Ha poleccax coOxpaHeHHa U ectTe- 
CTBCHHOrO BO300HOBJICHHA TIPHpPOHbIX pecyp- 
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The article considers the influence of the con- 
struction of production wells on the oil and gas 
condensate field, located within the boundaries of 
the nature reserve of regional importance, on the 
state of the animal world and its habitat. The au- 
thors propose the recommendations to minimize 
the negative impact on the wildlife of the reserve 
in the construction of new wells and a list of 
compensatory measures on the basis of the struc- 
tured characteristics of the fauna of the reserve, 
the analysis of the location and technology of 
construction works, calculations of damage to the 
animal world. 
Keywords: nature reserve, oil and gas condensate 
field, fauna, minimization of damage, compensa- 
tion of damage 

Introduction. One of the most pressing envi- 
ronmental issues of today is a sharp increase in 
anthropogenic impact in the areas of oil and gas 
production, which leadsi to a change in soil char- 
acteristics, disruption of territories hydrology, the 
depletion and alteration of species composition, 
structure and productivity of phyto- and zooceno- 
ses [1, 2]. This has a negative impact on the con- 


servation and natural renewal of natural re- 
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cos. Ilorepa IpHpOAHbIMU 9KOCHCTeMaMH OnOLIO- 
THYeCKOrO pasHoodpa3nA MpesicTaBJAeT B HacTo- 
Allee BPCMA PeasIbHYyIO SKOJOFM4eCKy!O YIpo3y 
yCTOM4MBOCTU OnOCHepbI, MOITOMY HEOOXOAUMO 
pa3pa0aTbIBaTb UH BHeJIPATb MepOIIpHATHA 10 MH- 
HUMM3alMH yulepOa U KOMIeHCalluu Bpesa, IpHu- 
YMHACMOLO OKpyxKarolleH cpeye WU %*XMBOTHOMY 
MUpy MpOW3BOACTBCHHOM JeATeJIBHOCTBIO HedTe- 
ra3000bIBarOllux UpequpuatTun [3, 4]. 

IloctaHospka 3agaun. B KpsbimcKoM paloHe 
KpacHojlapckoro kKpaa pacnosiomwxeHo AHactTacn- 
eBcKO-Tponikoe MecTropoxyzeHuve (ATM) Hedtn, 
ra3a WM KOHJIeHCaTa, KOTOpoe 4YacCTH4YHO HaxOUT- 
Ca B rpaHuwax ocoodo OxpaHsxeMon TpuposHON 
Tepputopun (OOHT) pervonambHoro 3Ha4eHHA 
— KpsimMckoro rocyyapcTBeHHoro 300JI0rM4ye- 
CKOro 3aKa3HuKa (KI°33) [5, 6]. 

KI'33 Obi co3qaH IlocTaHoBjeHveM IJl1aBBbl 
ayiMMHucTpaluun Kpacwogapckoro xkpax oT 
15.11.2011 r. No 1327 «OO yrBepxxzeHun Ilono- 
*KeHUA O KpbIMCKOM rocyapcTBeHHOM 300J10rH- 
YeCKOM 3aKa3HHKe perwOHaIbHOrO 3Ha4eHH)». 
[lenbro CO3aHvA 3aKa3HWKa ABJIACTCA COXpaHe- 
Hie, BOCCTAaHOBJICHHEe HU BOCIIPOM3BOJICTBO OObeK- 
TOB %KXMBOTHOrO MUpa, cpexbl Ux OOuTaHHA. B 
IIepByHO O4epeyb ITO KacaeTCA OXOTHHYBUX pe- 
CYpcOB, PeXKUX WM HaxOAMIMXxcA NOM yrpo30n 
UCue3HOBCHHA OOBCKTOB 2KHBOTHOFO MUpa, 3aHe- 
CéHHBIX B Kpacubie KHuru PO u KpacHoyapcKoro 
Kpaa (KK). Kpome Toro, cTaBuTca eb COxpaHe- 
HUA IpOunx, IeCHHbIX B XO3AMCTBCHHOM, Hay4HOM 
WM 9CTETHYCCKOM OTHOIMCHHH, OOBECKTOB 2KHBOT- 
HOrO MUpa, cpeybl UX OOUTAHMA, WyTew Murpa- 
IMM, MCCT 3MMOBKH, a Tak?Ke peKUX HU HaXxoss- 
IMXcA MON yrpo30H Ucue3sHOBeHHA pacTeHUH, 
TpHOoB HU JIMMIAaMHUKOB, 3AHeCCEHHBIX B Kpacubie 
KHuIM PO u KK, noqsepxKaHuA IKOJIOIMYeECKOTO 
OanlaHca TeppuTopunH [6]. 

Oomujad Wiowaib Kpbimckoro 3aka3HHKa CO- 
cTaBiaeT 20922.4 ra, BKIIHOUaA 3eMJIM 0e3 H3bS- 
THA 3 XO3AMCTBCHHOIO MCHONb30BaHuA. Ha Tep- 
putTopuu KI’33 BbIzeuIeHbI 30HbI OCOOON OxpaHBl, 
O9KCTCHCHBHOTO = TIpHpOOMOUb30BaHHA, WHTeH- 
CHBHOTO MpHpoONOub30BaHuA, PeKpeallMOHHOro 
Ha3HayeHua. K 30He SKCTCHCHBHOrO Tpuposo- 


MOJIB3OBAHWA 3aKABHHWKa OTHCCCHbI YUaACTKH ITO 





sources. The loss of biological diversity by natu- 
ral ecosystems currently poses a real environmen- 
tal threat to the sustainability of the biosphere, so 
it 1S necessary to develop and implement 
measures to minimize damage and compensate 
for damage to the environment and the animal 
world by the production activities of oil and gas 
companies [3, 4]. 

Problem statement. In the Crimean district of 
the Krasnodar region there is the Anastasievsko- 
Troitskoye oil, gas and condensate Deposit 
(ATD), which is partly located within the borders 
of the protected areas (PA) of regional signifi- 
cance — the Crimean State Nature Reserve 
(CSNR) [5, 6]. 

CSNR was created by the Resolution of the 
head of the administration of the Krasnodar re- 
gion of 15.11.2011 No. 1327 "On approval of the 
Regulations on the Crimean State Nature Reserve 
of regional significance". The purpose of the re- 
serve 1s to preserve, restore and reproduce the ob- 
jects of wildlife, their habitat. First, it concerns 
hunting resources, rare and endangered wildlife, 
listed in the Red books of the Russian Federation 
and the Krasnodar region (KR). In addition, the 
aim is to preserve other valuable in economic, 
scientific and aesthetic terms, objects of fauna, 
their habitats, migration routes, wintering areas, 
as well as rare and endangered plants, fungi and 
lichens listed in the Red books of the Russian 
Federation and the KR, to maintain the ecological 
balance of the territory [6]. 

The total area of the Crimean reserve is 
20922.4 hectares, including economic use lands. 
Protected areas, zones of extensive nature man- 
agement, intensive nature management, recrea- 
tional areas are situated in CSNR The areas of 
industrial facilities at Anastasievsko-Troitskoye 


field, including oil and gas production areas, are 
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TCHCTBYIOINMMH =TPOMBIIIJICHHbIMM OObeKTaMH 
Ha AHacTacveBcKo-TpouIIKOM MeCTOpOxK]eHUH, 
B TOM 4uCIe yuacTKH JOO‘ HedTuH UH ra3a. 

B OnmxKaiilee Bpema Ha ATM tpenycmatpu- 
Bae€TCA CTPOUTeJIBCTBO TPEX HOBbIX 9JKCIIyaTa- 
I[MOHHBIX CKBAXKHH [5, 7]. ABTOpaM IIpeycTaB14- 
NOCb euecooOpa3HbIM OICHHTb, KAKUM OOpa30M 
9Ta XO3AMCTBCHHad JICATCJIBHOCTb IIOBJIMAeCT Ha 
COCTOAHHe X%KMBOTHOrO MUpa KppimcKkoro rocy- 
JJaPCTBCHHOTLO 300JIOIM4eCKOLO 3aKa3HHKa. 


@MayHucTM4ecKad CTpyKTypa 300/0rM4e- 
CKOrO 38Ka3HHKa MW aHaJIn3 BJIIMHHMH Ha Hee 
CTPOMTeJIbCTBA CKBAKHH. B pavoHe CTpOuTeIb- 
CTBa HOBbIX CKBaxKHH Ha ATM uHacuntTpipaetca 
oKono 350 BHa_OB OeCHO3BOHOUHBIX, OOJIbINIHMH- 
CTBO W3 KOTOPbIX — HaceKOMBbIe. YuacTKH CTPO- 
UTCJIBCTBA CKBAKUH 3aTparuBaloT apealibl OOUTA- 
HHA 4eTbIPEX BUJOB OeCIO3BOHOUHBIX, 3aHCCEH- 
HbIX B KpacHble KHuTH PM u KK: MéptTBoen- 
MOJUIEOCKOe I, WIMeJIb TIIMHMCTHIM, IIMeCJIb MOXO- 
BOH MW cKoMsA-ruranT [8, 9]. Hu aa oFHOrO H3 
yKa3aHHbIX BUJOB MecTO OOMTaHuA Ha y4acTKax 
CTPOMTeEJIBCTBA CKBAXKWH He ABJIACTCA KPUTHYe- 
CKHM. 

K oObeKTaM OXOTKI Ha y4acTKax CTPOMTeIIb- 
CTBa OTHOCATCA JMKUM KaOaH, OJIeHb Oaropor- 
HbIM, KOCYIA eBpOMeHcKad, 3axl[-pycak, CHOTO- 
BUHad CcoOakKa, JIMCHI[a, CHOT-IOJIOCKYH, OesKa, 
KYHUIa, HOpKa, BbIApa, WHKWM KOT, BOJIK, lWakKaJl, 
OapcyK, OHaTpa, KYJIMKU, WaCTyMIKOBbIe MTHIIBI, 
OakIaH OOJIbINIOH, JIbICyxa, rouyOu (TropsMIIb!), 
(ba3zaH, yTKa (KpAKBa, 4MPKH), Tycb, Meper#edi, 
BaJIbAMIHell, cepax BopoHa [6, 10]. 

CTPOUTeJIbCTBO CKBA2KHH IIPUBeET K U3bATUIO 
9KOCHCTeM, KOTOPbIe B MepHO, CTPOMTeJIbCTBAa U 
TepBble TObI IKCIIyaTauMu CTaHyT Henmpurol- 
HbIMH Jit OOMTAaHHA BCeX OXOTHHYbHX ITH 
[11]. Tomsko tba3aH u Mepenes MOryT UCIIOb30- 
BaTb OTKPbITbIe MecTooOuTaHHA. Ha WaHHoH Tep- 
puTopuu yxXe B TeyeHHve OTOrO BpeMeHN Be- 
MyTca paOoTbl oO WoOOBMe Woue3HbIX MCKOrAae- 
MBIX, OHA CHJIbHO H3MeHeHa HM He ABJIACTCA OIa- 
TONMPHATHOH Id OOWTAHHA OXOTHHYbUX IITHH, 
TaKUM OOpa30M, ylllepO OT CTPOHTeIBCTBA JIA 


OXOTHHUbBMX ITH, He OyeT 3HAYHTeIIbHBIM [5, 
11]. 
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assigned to the zone of extensive nature manage- 
ment. 

In the nearest future, ATD plans to build three 
new production wells [5, 7]. The authors consid- 
ered it expedient to estimate how this economic 
activity will affect the state of the fauna of the 


Crimean State Nature Reserve. 


Faunistic structure of the nature reserve 
and the analysis of the impact of wells con- 
struction on it. In the of construction area of new 
wells on ATD there are about 350 species of in- 
vertebrates, most of which are insects. Areas of 
well construction affect the habitat of four species 
of invertebrates listed in the Red Books of the 
Russian federation and the KR: Ablattaria laevi- 
gata, bombus argillaceus, bombus muscorum and 
scolia maculata [8, 9]. The habitat in the areas of 
wells construction is not critical for these species. 

The objects of hunting on the construction 
sites include wild boar, red deer, European roe 
deer, brown hare, raccoon dog, fox, raccoon, 
squirrel, marten, mink, otter, wild cat, wolf, jack- 
al, badger, muskrat, waders, rails, great cormo- 
rant, Eurasian coot, doves (wild pigeon), pheas- 
ant, duck ( Mallard, Teal), goose, quail, common 
woodcock, grey crow [6, 10]. 

The construction of wells will lead to the re- 
moval of ecosystems that during the construction 
and the first years of operation will be unsuitable 
for the habitat of all hunting birds [11]. Only 
pheasant and quail can use open habitats. For a 
long time, mining operations have been carried 
out on this territory, it is strongly changed and is 
not favorable for hunting birds habitat, so the 
damage from the construction for hunting birds 


will not be significant [5, 11]. 
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CTPONTeJIBCTBO HOBBIX CKBAxKHH MOBJIMAeCT Ha 
MECTHbI€ HepeMeleHHA OXOTHHYbUX MIICKOIM- 
TalOIUX, HU, BO3MO2%KHO, IpepBeT OXOTHHYLU TPO- 
uibl. [lapamieubHO BO3HUKHET MOBbIMICHHbIN (ak- 
TOp OecHOKOHMCTBa: Wpoe3q TpaHCHOpTHbIX 
CpeyIcTB, padOoTa arperaToB, IIyMOBOe H CBeETOBOe 
BO3JeHCTBHe OYyYT OTIYrMBaTb OXOTHHYbBUX 
MJICKONMTAarolyHx [11 J. 

Opranu3aiua KI33 Oba CBA3aHa, B TOM 4UC- 
ne, C OXpaHou eBponevickoro oseHa [6]. 3a uc- 
TeKIMMH NepvoOy, Mp OTCYTCTBUU IpecieqOBaHHA 
OH OCBOMJI BCe MeCTOOOUTAaHHA, Fe OTCYTCTBYeT 
NOBBIICHHbIM = (akTOp OecnoKolicTBa. Ecte- 
CTBeCHHO, 4TO B HepHOy, CTPOUTeJIBCTBAa HW Hayasia 
OKCIUIyaTaluu CKBaXKHH OJICHb YUJIET C TeppuTO- 
PHM, paciOsIOX%KeHHBIX OM3KO K CKBaKHHaM. 
IIpoOsDKUTebHOCTb IIPHBbIKaHHA OJICHA K HO- 
BbIM OObEKTAaM COCTABHUT OT 5 nO 10 Ter. 

Cpe THI, He OTHOCAINMXCA K OXOTHHYbUM, 
B paHOHe CTPOHTeCbCTBAa CKBaKHH OONMTAIOT 
Tpo30BUHad KaMBIMeBKa, JOMOBOM BOopobed, 
JIepeBeHCKad JIaCTOUKA, XOXJIATHIM 2%KABOPOHOK [6, 
10]. Hexoropbie BUbI NTU, OOBIYHO THe3AAIIH- 
ecd Ha JlepeBbaAX, HallJIM MecTa WIA THe30BaHuA 
Ha TeCXHOJOrM4eCKUX MOCTpOMKaxX OOBCKTOB 
ATM — Hatpumep, Ooubiiaa cuHuia. IITuust, 
OcCOOO OxpaHAeMble 3aKOHOAaTeJIbCTBOM, B palii- 
OHE CTPOHTeCJIbCTBa CKBaXKHH BCTPpeualoTCsA TOJIb- 
KO BO BpeMA MUrpallH, UX IIpHCyTCTBHe HOCHT 
KpaTKOBpeMeHHbIM xapakTep [8]. B pe3ybrTate 
CTPOHTeJIbCTBa CKB@2KHH BO3MO%KHO ciiexyromlee 
BIIMAHMe Ha OPHUTOMAYyHy: UpAMoe YHHUTORKeHue 
THeE3JIOBbIX HM KOPMOBBbIX OHOTONOB B peliposlyK- 
THBHbIM Wepvoy; WpekpalleHwve THe3qOBaHuA 
BCJICJICTBHe HapylleHuaA MecT OONTAHHA; MOABIIE- 
Hue B HepHoy HacwoKHBaHHA VU BbIKAapMJIMBaHuA 
IITCHIOB (akTOpa OecHOKOMCTBAa OT LIyMa pado- 
TalolleH TeXHHKH UW pyrux TexXHW4YeCKUX 
cpeycTs [11] 

Cpequ MJIeCKONMTaFOWIMX, He OTHOCAIIMXCA K 
OXOTHHYBUM, B PaccCMaTpHBaeMOM paHoHe oOn1- 
TaloT @K OeOrpybIM, Oypo3yOKa KaBKa3ckad4, 
kyTopa [[lemkoBHukoBa, pbpKad BeYepHula, KpbI- 
ca cepad, MBIIIb JJOMOBad, MbIILIb MOJIeBad, MbILLIb 


KaBKa3cKad JIecHad, MOeéBKa OObIKHOBeHHaA [6, 


10]. bonbimMHCTBO MJICKOIMTAaFOWIux BeyIeET HOU- 





The construction of new wells will affect the 
local movement of hunting mammals, and may 
interrupt hunting trails. In addition, there will be 
an increased disturbance factor: vehicles pass, 
equipment operation, noise and light effects will 
scare away hunting mammals [11]. 

CSNR creation was connected, among other 
things, with the protection of European deer [6]. 
Over the past period, in the absence of persecu- 
tion, it took all the habitats where there was no 
increased disturbance factor. It 1s natural that dur- 
ing the construction and start of operation of 
wells this deer will leave the territories located 
close to the wells. The duration of the deer's ha- 
bituation to new objects will be from 5 to 10 
years. 

Among birds that are not related to hunting 
ones, acrocephalus arundinaceus, house sparrow, 
swallow, crested lark live in the area of well con- 
struction [6, 10]. Some species of birds, usually 
nesting on trees, have found nesting places on the 
technological buildings of ATD objects — for 
example, great tit. Birds, especially protected by 
legislation, in the area of well construction occur 
only during migration, their presence is short- 
term [8]. As a result of wells construction the fol- 
lowing influence on the ornithofauna is possible: 
direct destruction of nesting and forage biotopes 
during the reproductive period; termination of 
nesting due to habitat disturbance; appearance of 
disturbance factor from the noise of working ma- 
chinery and other technical means during incuba- 
tion and feeding of hatchlings [11] 

Among mammals that are not hunting ones, 
this area is inhabited by the southern white- 
breasted hedgehog, Sorex satunini, Nyctalus noc- 
tula, gray rat, house mouse, field mouse, Black 


Sea field mouse, common vole [6, 10]. Most 
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HOH OOpa3 2%xXH3HH, OCHOBHbIe paOoTHI MO CTpoU- 
TCJIBCTBY CKBaKUH OYyyT BeCTHCbh B JIHeEBHOe 
BPeMA, MOSTOMY 2KH3HECATCJIBHOCTb HOPHBIX U 
HOUHBIX KUBOTHBIX OyeT IPpOTeKaTb B OOBIMHOM 
pexume. B To 2#e BpeMaA TakOe W3MeHeHHe 9KO- 
CHCTeM, KaK CHATHE MOYBEHHOrO CIIOA, IPHBeET 
K YHHYTOKCHHIO HOPHbIX TpblI3yHOB HW Ux yoe- 
*KMIL, BCICJICTBHe 4erO OHH OKAKYTCA 2KEPTBAMU 
XHIUHUKOB [7]. KpoMe Toro, c HavasIoM CTpoH- 
TeEJIBCTBa CKBAKHH YBeEJIMYUTCA YaCTOTA JIBYKe- 
HUA TpaHciopta, MOSTOMY OporM cTaHyT Me- 
cTaMu rude exer UW rpbi3yHoB [11]. C apyron 
CTOPOHBI, JIA CepOH KPBbICbI HU JOMAINHeM MBI 
(CHHaHTpONHBIX BHJIOB) YyCNOBMA oOOuTaHHA 
yiyumlatTca, UX YHCIICHHOCTb, a TakKxKe paccelie- 
Hue Ha CMEXKHbIe TEPPUTOPHU BO3pacrTyT. 

Ha yuacTkax CTpOUTeJIBCTBa CKBaxKUH BCTpe- 
YalOTCA TPH Bua 3CMHOBOAHBIX: Kaba 3eu1GHAad, 
YeCHOUHMIa OObIKHOBeHHaA, KBakiwa I[Lenkos- 
HuKoBa [6]. I[pecmbiKarommeca mpeycTaBJIeHbl 
IIATbIO BUaMH: BepeTeHua JIOMKAA, AEPHIUbI 
IIpbITKad WU JIyYroBad, MeJIf#HKa OObIKHOBeCHHAaA U 
TamioKa cTellHad, KOTOpad 3aHeceHa B Kpacuyto 


KHury KK [6, 8]. 


Meponpuatux 00 MHHMMH3alMN § Bpela 
7KUBOTHOMY Mupy. Jia CHMwKeHHA HeraTHBHOrO 
BIMAHHA Ha %XUBOTHEIN MuUp KI33 B nepuor 
CTPONTEJIBCTBa HW SKCIITyaTaWMu WpOeKTUpyeMBIXx 
cKBaxKvH Ha ATM apropamu lpeiaraetca pay 
MepOIIpHATHM, HalpaBJIeHHbIxX, B IIepBy!O O4e- 
peab, Ha OxpaHy MecT OOUTAHHA pesKHX U Ucue- 
3alOlIMX BHJOB 2KMBOTHBIX. Meponpusatua mper- 
jararoTca B COOTBeTCcTBHU c IlocTaHoBseHvemM 
lipaButeubcrBa PM oT 13.08.1996 r. Ne 997 «OO 
YTBepxKJCHUN TpeOoBaHHH MO MpeOTBpalll[eHuto 
TuOeH OOBEKTOB X%KMBOTHOTO MUpa pu ocy- 
I€CTBJICHHU IIPOM3BOJICTBeCHHBIX IIPOINeCcoB, a 
TakoKe TIpW 9KCIIyaTalMu TpaHCnopTHBIx Maru- 
CTpasleH, TpyOOMpoOBOOB, JIMHMM CBA3H UW 9JIeK- 
Tponepeyay>> HW BKIIOUAIOT: IIpOBeyeHve Ollepe- 
*KalOMlerO OCMOTPpa 30HbI CTPOUTeIbCTBA JIA 
IIpeqOTBpallleHua THOeM %2MBOTHBIX; B Ciryyae 
OOHapy2KeHHA  %KUBOTHBIX TWepeMellleHve UX B 


Apyrve WpHrovHbie MeCTOOOMTAaHHGA; OrpaHude- 





mammals are nocturnal, the main work on wells 
construction will be carried out in the daytime, so 
the activity of burrows and nocturnal animals will 
proceed as usual. At the same time, this change of 
ecosystems, the removal of the soil will lead to 
the destruction of burrowing rodents and their 
shelters, so that they will become predators’ preys 
[7]. In addition, with the start of construction of 
wells, the frequency of traffic will increase, so the 
roads will become places of death of hedgehogs 
and rodents [11]. On the other hand, for the gray 
rat and the house mouse (synantropic species), the 
living conditions will improve, their number will 
increase, as well as settling in adjacent territories. 

In areas of well construction there are three 
types of amphibians: the green toad, Pelobates 
fuscus, the European tree frog [6]. Reptiles are 
represented by five species: Anguis fragilis, La- 
certa agilis and Darevskia praticola, Coronella 
austriaca and Vipera ursinil, which 1s listed in the 
KR Red book [6, 8]. 

Measures to minimize harm to the animal 
world. In order to reduce the negative impact on 
the animal world of CSNR during the construc- 
tion and operation of the designed wells on ATD, 
the authors propose a number of measures aimed 
primarily at protecting the habitats of rare and 
endangered species. Events are offered according 
to the order of the government of the Russian 
Federation of 13.08.1996. No. 997 "On approval 
of the requirements to prevent the death of wild- 
life in the implementation of production process- 
es, aS well as in the operation of highways, pipe- 
lines, communication and power transmission 
lines" and include: conducting a preliminary in- 
spection of the construction zone to prevent the 


death of animals; in the case of detection of ani- 
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HHe CKOPOCTH JBY2XKCHHA TpaHCHOpTHBIX CpeCTB 
TO MHHUMyMa; 3allpeT HeCaHKI[MOHUpOBaHHOro 
MeXaHH3HpOBaHHOrO TepesBMXKeHHA TO Teppu- 
TOPHH; MaKCHMaJIbHOe CHM2KeHHe  ILyMOBOM 
Harpy3Ku; OrpaxkyeHve TeppuTopuu TpoBeseHHA 
CTPOHTECJIBHBIX padoT; OCHAaLeHHe CTPOUTEJIBHBIX 
IWIOWMaOK KOHTeMHepaMH Id COOpa ObITOBBIX HU 
CTPOHTCJIBHBIX OTXOJIOB; COepxkaHue TeppuTo- 
puu B 4MCTOTe BO H30e%KAaHHe MpWYMaHuBaHHsA 
X9KMBOTHBIX; YOOPKa CTPOHTebHOrO Mycopa TO 
3aBepIeHHH paoot. 

Kpome Toro, B IeJItX CHWKCHUA BO3JeCMCTBHUM 
Ha 2%KUBOTHbIM MHp HeEOOxXOJMMO TpexyCMOTpeTb 
KOMIMICKC TEXHOJOFMYeCKHX, TEXHHYCCKHX UH Op- 
TaH3alMOHHbIX MepOnpuATHH, HalipaBsIeCHHbIx 
Ha MOBbIMeCHHe IKCIIYaTaUMOHHOU HajlexKHOCTH, 
IIPOTHBONOKAapHOH UW IKOOrM4eCKON Oe30MacHo- 
CTH IIPpOCKTHPyeMbIX CKBaKHH: YCTPOHCTBO 0OO- 
BaIOBAHHA TWJIOWAaIOK CTPOHMTeIbCTBa CKBaKUH; 
YCTPOHCTBO 3aKPbITOrO MecTa pa3MelleHHA XH- 
MMYeCCKHX peareHTOB UH BeIICCTB JIA MpHroroB- 
Ne@HHA OYPOBOFO pacTBOpa; YCTPOMCTBO EMKOCTUH 
JIA COOPpa OTXOTOB OypeHuA; YCTPOMCTBO THpO- 
VW30ANMH WOWatKu Ia XxpaHeHua roproue- 
CMa304HBIX MaTepHasioB 3 2%*KeJIe300eTOHHBIX 
IIHT C MapalleTOM; MaKCHMaJIbHOe CHW KeHHe 
KOJIM4eCTBa MH MHTCHCHBHOCTH BbIOPOCOB 3arps3- 
HAIOIWIUX BeIIeCTB Ha TeEPpHTOPUH CKBaxKHH; COOp 
XO3AHCTBCHHO-OBITOBBIX CTOUHBIX BO], B EMKOCTH 
TIA MOCHeLYIOWleH TpaHCHOpTHpOBKH Ha OUNCT- 
HbIe COOPyxKeHHA; CO3TaHHe %KEOOHOM CHCTeMBI 
Ja COOpa 3-07, O10KOB OYpOBOHM yCTaHOBKH U 
HallpaBJICHHA B IIPHeEMHbIe KOHTCMHEPbI CTOUHBIX 
BO], OOpa3yIOlUxcaA Ip OOMBIBe OOOpyOBaHHA, 
a TaKKe JOKICBbIX HU TasIbIX BO; OTBOJ, B CHCTe- 
MY pelMpKyIAWUMH TMpOMBIBOUHOM  %KUKOCTH, 
cTekarollew Cc TpyO BO BpeMa” TObEMa HHCTPy- 
MeHTa; IIPHMeHeHHe B O0Kax OyYpOBOM yCTaHOB- 
KH KOHCTPyKUMH, WpesOTBpallaroulux yTeuKU U 
IIPOJIMBbI TCEXHOJIOFM4CCKHX XHKUAKOCTeH — NOJ- 
TOHOB, JBOMHBbIX 3a,BU2KeK HU JIp.; IpHMeHeHHe B 
pe3sepByapax u OI0Kax OypoBOM yCTaHOBKH KOH- 
CTPYKUMH, MpenmATCTBYIOWUX MoMayqaHuto B HX 
9KMBOTHBIX — CeTOK, 3arlylleK UW Mp.; UCHOb30- 
BaHHe payMOCcBA3H AIA WpewOTBpalleHua ruOeM 


ITH, OT CTOJIKHOBCHUA C BOSTYITHBIMUM HpOBO/I- 





mals, moving them to other suitable habitats; lim- 
iting the speed of vehicles to a minimum; prohibi- 
tion of unauthorized mechanized movement; 
fencing of construction works territory; equip- 
ment of construction sites with containers for col- 
lecting household and construction waste; keep- 
ing territory clean to avoid luring of animals; 
cleaning of construction garbage upon completion 
of works. 

In addition, in order to reduce the impact on 
the animal world, it is necessary to introduce a 
complex of technological, technical and organiza- 
tional measures aimed at improving the opera- 
tional reliability, fire and environmental safety of 
the designed wells: organization of drilling sites; 
organization of a closed location of chemical rea- 
gents and substances for the preparation of drill- 
ing mud; a tank for collecting drilling waste; wa- 
terproofing the site for storing fuel and lubricants 
from reinforced concrete slabs with parapet; the 
maximum reduction in the number and intensity 
of pollutant emissions from on-site wells; collec- 
tion of household wastewater in the vessel for 
subsequent transportation to treatment facilities; 
the creation of a ditch system to collect waste wa- 
ter generated during equipment washing as well 
as rain and melt water from under the blocks of 
the rig and to direct it in collection containers; the 
leadaway to the recirculation of the washing fluid 
flowing down from pipes during pulling; the use 
of the structures in the blocks of the rig, prevent- 
ing leakage and straits of the technological liquids 
- pallet, double valves, etc.; application in tanks 
and blocks of drilling rig structures, preventing 
the ingress of animals — grids, stubs, etc.; the use 
of radio communication to prevent the deaths of 


birds from collision with aerial cable lines in mi- 
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HbIMH JIMHHAMM CBA3H TIP MUTpallH; BbIBO3 
BC€X BHJOB OYpOBbIX OTXOJIOB C OYypOBBIX IJIO- 
mao. 

PacueT yiep0a *xKHBOTHOMY MUpy H cpeze 
ero oOnTaHHA. IlocKonbKy pavoH nmpoBeyeHua 
paOoT 110 CTpOHTeIbCTBY JOObIBAFOINMX CKBaXKUH 
Ha ATM pBxksirouaeT TeppHTOPHIO BO3MO2%KHOrO 
IIPHCYTCTBHA 2KMBOTHBIX, 3AHECEHHBIX B KpacHpie 
kHuTu P® nu KK, aBropamu Ob Mpon3BeyéH 
pacuéT yllepOa »%*xHBOTHOMy MMpy pH cTpon- 
TEJIBCTBE IIPOCKTHPyYeMBIX CKBaXKHMH Ha OCHOBA- 
HMM CyIeJyIOMWIMX JIEMCTBYFOWMX HOPMaTUBHBIX 
JIOKYMCHTOB: 

e «MetToaqmyueckHwe peKOMeHJaluu TO UMCUHC- 
JICHHIO pa3sMepa Bpea OKpyxKarollei cpeye OT 
YHHYTOKeHUA (U3bATHA U3 MPUpOAHOM cpeyBbl, 
TPpaBMUpOBaHHA) OOBCKTOB X%KHBOTHOLO HU pacTu- 
TeJIbBHOrO MUpa, 3aHeCEHHbIX B KpacHyrto KHUTy 
KK, wi HapyuleHuaA cpeybl ux oOuTaHHA», 
YIBepxKIeHHbIe WpuKa30M JlenapraMeHTa IlIpu- 
POJHBIX PeCcypcoB HM TOcyAapcTBeHHOrO 9JKOJIO‘- 
yeckoro KOHTpoua KK Ne 65 or 19.04.2011 r., B 
pegakimu mpuKka3a Ne 133 of 12.07.2011 1.; 

e «MeToquKa UC4YMCIeHUA pa3sMepa_ Bpesia, 
IIPHYMHEHHOrO OOBEKTAM 2KHBOTHOIO MuUpa, 3a- 
HeCE€HHbIM B Kpacuyto KHuTy PO, a TakxKe HHbIM 
OObeCKTaM 2%KMBOTHOrO MUpa, He OTHOCAINMMCHA K 
OObeCKTaM OXOTbI HW pbIOOJIOBCTBa HM cpeye Ux 
OOUTAHHA», yYTBepxKTeHHad mpuKa3omM MIIP P® 
Ne 107 of 28.04.2008 r.; 

e «(MeroquKa WCuMCIIeHuA pa3Mepa Bperia, 
IIPH4YMHEHHOTO OXOTHHYBUM pecypcaM>>, yIBep- 
*KyeHHad mpuKasomM MIIP PO Noe 948° oT 
08.12.2011 r. 

Pa3mep yillepOa TOMyIAIMAM OXpaHAeMBIX 
BHOB Oe€CHO3BOHOUHBIX X9KUBOTHBIX COCTABHJI Ha 
3CMJIAX, HAXOJAMIMXCA: B TOUTOCpOuHON apeHse 
— 107457,84 py0.; B KpaTKocpo4uHONM apeHye — 
571576,21 py6o. 

Pa3mMep yilepOa MecTooOuTaHHAM oOxpaHse- 
MbIX BHJIOB OeCIO3BOHOYUHBIX XKMBOTHBIX COCTA- 
BUJI Ha 3€MJIAX, HAXOJAIIMXCA: B JOJITOCpOuHOM 
apeHye — 6676992 pyOd.; B kKpaTKOCpouHOH 
apeuye — 36086991,25 pyo. 

Pa3mep yillepOa TOMyIAIMAM OXxpaHAeCMBIX 
BHUOB replieTomayHbl (rasqtoKa cTelmHas) CcocTa- 
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gration; removal of all types of drilling waste 
from the drilling sites. 


Calculation of damage to the animal world 
and its habitat. Since the area of work of produc- 
tion wells construction on ATD includes the terri- 
tory of the possible presence of animals listed in 
the Red books of the Russian Federation and the 
KR, the authors calculated the damage to the an- 
imal world in the construction of the designed 
wells on the basis of the following existing regu- 
latory documents: 


e "Methodical recommendations on calcula- 
tion of the extent of damage to the environment 
from the destruction (exception from the envi- 
ronment, traumatizations) of the objects of the 
fauna and flora listed in the Red book of the KR, 
or violations of the environment of their dwell- 
ing", approved by the order of Department of 
natural resources and the state ecological control 
of the KR No. 65 of 19.04.2011, as revised by 
the order No. 133 of 12.07.2011.; 

e "Methods for calculating the amount of 
damage caused to objects of fauna listed in the 
Red book of the Russian Federation, as well as 
other objects of the animal world, not related to 
objects of hunting and fishing and their habitat", 
approved by the order of the Ministry of natural 
resources of the Russian Federation No. 107 of 
28.04.2008; 

e "Method of calculating the amount of 
damage caused to hunting resources", approved 
by the order of the Ministry of natural resources 
of the Russian Federation No. 948 of 08.12.2011. 

The amount of damage to populations of the 
protected species of invertebrates was on the land 
of: a long-term lease — 107457.84 rub.; a short 
term lease — 571576.21 rub. 

The amount of damage to habitats of the pro- 
tected species of invertebrates was on the land of: 
a long-term lease — 6676992 rub.; a short term 
lease — 36086991.25 rub. 

The amount of damage to the populations of 
protected species of herpetofauna (steppe viper) 
amounted to 763026.49 rubles., their habitats — 
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Bu 763026,49 pyO., ux MecTooOuTaHuAaM — 
347760 pyo. 

Pa3Mep yulepOa OXOTHHYbUM pecypcaM coctTa- 
BMJ: B epHOJ, CTPOWTeIbCTBAa CKBaxKHH — 
66064,63 py0.; B MepHoy, SKCMIyaTallMu CKBaxKHH 
— 121151,81 pyo. 

Pa3mep yulepOa cpeze OOUTAaHHA HeIpOMBIC- 
JIOBbIX 29KMBOTHBIX, H€ OTHOCAINMXCA K OeCHO3BO0- 
HOUHBIM, cocTaBu 1003957,89 pyo. 

TakuM oOpa30M, oOmlad BemM4MHa yilepda 
X%KUBOTHOMY MUpy KpsbiMcKoro 300J1I0rM4ecKOro 
3aka3HuKa WM cpeyle ero OONTaHMA cocTaBHia 
45744978, 12 pyo. 

KomileHcanvoHHble MeponpuxaTHaA Bpewa 
%KUBOTHOMY Mupy. ABTOpaMH Iipeyiiaraerca pa 
MepOlpHATHH, HalpaBJICHHbIX Ha KOMIICHCAILMEO 
Bpeya OObeCKTaM 2%KHBOTHOrO MUpa TIpH cTpou- 
TeJIbCTBe HOBBIX SKCIULyaTalMOHHbIX CKBaXxKHH Ha 
ATM [3, 4, 9]. 

MeponpustTua 10 KOMMeHcalluu Bpesa Oecno- 
3BOHOYHBbIM %KUBOTHBIM 3aKJIFOUaFOTCA B CO3Ja- 
HMM UCKYCCTBCHHBIX, B 4YaCTHOCTH, TpyOuaTbIx 
(13 OYM@KHBIX WIM MHbIX TpyOoueK pa3sIM4YHOrO 
yMaMetpa, COOpaHHbIxX B OJIOKH) FHE3, [JIA Hace- 
KOMBIX HM UX pa3MellleHHe B lpesMOUMTAaeMbIx 
HaCeKOMbIMH MeCTOOOMTaHHAX — Ha JIepeBbAX, 
pa3sIM4HbIX OMOpax, CTeHax 30aHHM UW coopyxkKe- 
HMM, Orpaylax U Jp.; BHeCeHHU Ha NOcTpayaBiine 
3CMCJIbHbIC Y4UaCTKH NOUBbI, OOOralj|eHHOW TyMy- 
COM HM COlepxKallleH 2KUBbIX JO#KCBbIX 4epBelH, 
4TO OyeT CHOCOOCTBOBaTb ObICTpOMYy BOCCTAa- 
HOBJICHHIO TOUBCHHOLO MOKPOBAa, KOTOPbIM ABILA- 
eTCA BA@KHeEMIIMM YCIIOBMeM Oaronosyana Oec- 
IO3BOHOUHBIX; OTJIOB IIpesCTaBHTeseH KPyWHbIx 
BUOB, MPeCHMYyIeCTBeCHHO 3aHeCEHHBbIX B Kpac- 
Hble KHUIM, U MHbIX PpeJKUX BUJIOB, C MOCeyo- 
IMM BBbIIYCKOM B NOAXOALIMe MECTOOOMTAaHHA. 

Meponpuatua 10 KOMIMeHCallMu Bpeya reprie- 
TOdayHe BKIOUaIOT TpaHcoKauM1o aMuoui u 
penTusmMi — OTIOB, NepeHeceHue B NOAXONAMIMe 
MeCTAa H BBIITYCK; Me€peHOC UKpbI VU JIM4MHOK 3eM- 
HOBOJHBIX, OCTABIUMXCA B MaJIbIX BPCMCHHBIX 
€CTECTBCHHBIX HM HCKYCCTBCHHBIX BOJOEMAX (JIy- 
*KAaX, KOJICAX, KAHABAX), MOJIBeEP2KCHHbIX BbICbIXa- 
HHO, B OarONpHATHbIe JIA UX pasBUTUA BOOE- 
MBI. Jit IpeCMbIKaIOWMXCA, 3aHeCCCHHBIX B 
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347760 rubles. 

The damage to the hunting resources amount- 
ed to: during the construction of wells - 66064.63 
rub; during the period of operation of wells - 
121151.81 rub. 

The amount of damage to the habitat of non- 
target animals not belonging to invertebrates 
amounted to 1003957.89 rubles. 

Thus, the total amount of damage to the fauna 
of the Crimean nature reserve and its habitat was 
45744978.12 rubles. 


Measures to compensate for farm to the an- 
imal world. The authors propose a number of 
measures aimed at compensating for damage to 
wildlife in the construction of new production 
wells at ATD [3, 4, 9]. 

Measures to compensate for harm to inverte- 
brate animals are in the creation of artificial, in 
particular, tubular (of paper or other tubes of dif- 
ferent diameters put together in blocks) nests for 
insects and placing them in insects preferred habi- 
tats in trees, different pillars, walls of buildings, 
fences, etc.; introduction to the affected land soil 
enriched with humus and containing live earth- 
worms, which will contribute to rapid restoration 
of soil cover, which is essential for the well-being 
of invertebrates; catching of the major species, 
mostly listed in the Red book, and other rare spe- 
cies, with subsequent release in suitable habitats. 


Measures to compensate for harm to the her- 
petofauna include translocation of amphibians 
and reptiles — catching, transfer to the appropri- 
ate locations and release; transfer of eggs and lar- 
vae of amphibians, living in small natural and ar- 
tificial water bodies (puddles, ruts, ditches) sus- 
ceptible to drying, to the conducive to their de- 


velopment water bodies. For the reptiles listed in 
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Kpacuyro kuury KK (creas rayttoKa), OCHOBHBIM 
MepOlIpHATHeM TIO IIpesOTBpal[eHHtO THOeIM ABIIA- 
eCTCA TPaHCOKaWMA C TMOCIICYFOUIMM BBIITYCKOM B 
nomwxonsMe Oe30nacHble MECTOOONTaHHA. 

Meponpustua 10 KOMMeHCallMu Bpeya OPHUTO- 
(bayHe BKJIKOUaKOT COOpyxKeHHe MCKYCCTBCHHBIX 
THE3], — AMIMYHbIX (CKBOPC4YHUKOB, CHHH4HHKOB, 
CTPWKAaTHUKOB), THE3JI-TYWIAHOK, JIOMHKOB Ui pa3- 
MeIIeHHe HX B TOJXOTAIIMX YCIOBHAX; COOpy*KeHHe 
MCKYCCTBCHHBIX TIpucayy JIA XMUTHBIX MTL. 

Meponpuatna 10 KOMIeHCalMu Bpeya MJICKONH- 
TAaOIWMM COCTOAT B CO3JJaHHM HCKYCCTBCHHBIX yOe- 
2K JVI PYKOKPbUIbIX B CBA3H C HeOCTaTOUHO- 
CTbIO TaKOBbIX MW OOJIbINOM MOIb30N, IpHYHOCHMOM 
HaCe€KOMOAHBIMH PYKOKPBUIbIMU CeJIBCKOMY Hi JIec- 
HOMY XO3AHCTBY. 

PekoMeHJIyeMbIe KOMITCHCalIMOHHbIe Meporpus- 
THA OOMIeH HalipaBsICHHOCTH 3aKJIKOUaIOTCA B IIpo- 
BeJICHHM perysApHOrO MOHUTOPHHTa COCTOAHUA II0- 
yA“ BCeX IpyMil 2%XHBOTHbIX Ha TeppuTopuu 
KppIMckoro = TrocyapcTBeHHOrO §==300JIOrM4eCKOrO 
3aKa3HuKa, 3aTparMuBaeMOM CTPOHTeJIbCTBOM HOBBIX 
HedTera300ObIBaFOINMX CKBa2KHH. 


3akr1o4eHHe. [IpoBeyqéHHbIe aBTOpamu day- 
HMCTHYecKHe UCCIeIOBaHHA U TpesIO%*KeHHbIe 
IIpHposOoxpaHHble WM KOMMCHCAaI[MOHHBIe Mepo- 
IIPHATHA MO3BOUIAIOT B 3HAYHMTeCUbHOM CTeneHu 
CHH3HTb HeraTHBHOe BO3eHCTBHe padoT HO 
CTPOUTEJIBCTBY HOBBIX 9KCIUIyaTalMOHHBIX CKBa- 
%KMH Ha AHacTacuveBcKo-Tponlikom HedTera30- 
KOHJICHCaTHOM Me€CTOPOXJCHHH Ha 2XKUBOTHbIM 
Mup KpbimMckoro rocyapcTBeHHOro 30010rM4ye- 
CKOrO 3aKa3HKa, a TaKXKe COXpaHATb, MOep- 
2%KUBaTb WU YBeIMYMBATb ONOOrMYeCKOe pa3Hooo- 
pa3ve TIpupoyb JaHHoro 3aka3HuKa, KpacHoyap- 
CKOrO Kpaad MH Poccum B IIeJIOM. 
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the Red book of the KR (steppe viper), the main 
measure to prevent death is translocation, fol- 
lowed by release into suitable safe habitats. 

Measures to compensate for harm to orni- 
thofauna include the construction of artificial 
nests — birdhouses, and placing them in suitable 
conditions; the construction of artificial perches 
for birds of prey. 

Measures to compensate for harm to mammals 
consist in creation of artificial shelters for bats 
because of the lack of them and great benefit 
brought by insectivorous bats to agriculture and 
forestry. 

Recommended general compensatory 
measures consist in carrying out regular monitor- 
ing of the condition of populations of all groups 
of animals on the territory of the Crimean State 
Nature Reserve affected by construction of new 


oil and gas wells. 


Conclusion. The conducted by the authors 
faunistic research and the proposed environmen- 
tal and compensatory measures would greatly re- 
duce the impact of works on new wells construc- 
tion in the Anastasievsko-Troitskoye oil and gas 
field on fauna of the Crimean State Nature Re- 
serve and preserve, maintain and increase the bi- 


odiversity of the nature reserve in the Krasnodar 


region and Russia as a whole. 
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